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PREFACE 


THERE are so many excellent text-books dealing with the subject 
of clinical chemistry that the author may be deemed presumptuous 
in producing another. The present work is intended to supplement, 
rather than replace, the more exhaustive manuals which hold well- 
established places as books of reference. 

The origin of the book lies in notes made during a period of 
two years which the author spent in the West Indies, teaching 
student technicians. Like most recruits to this branch of technology, 
they were prone to ask ‘‘ Why?” more often than “ How?”’, 
and in the following pages an attempt is made to explain, as far 
as possible, the reasons for the various steps in the analyses, and 
the reactions and calculations which lead to the final results. 

It is inevitable that in any book on technique the author’s personal 
preferences will be given pride of place, and that a number of well- 
tried methods will be denied the attention they deserve. In 
apologizing for any omissions, the author would point out that 
except in the case of works of the highest importance, space is 
limited, and whilst there may be little doubt of what should be 
included, it is often difficult to decide what may be left out without 
prejudice to completeness. 

Specific references to the literature have not been included, 
partly to restrict the size of the book, but chiefly because it is felt 
that technicians already have adequate means at their disposal to 
obtain further information upon points of particular interest to 
them. 

Thanks are expressed to Messrs. A. Gallenkamp & Co., Ltd., 
for providing the blocks from which Figs. 2, 3, and 6 were prepared, 
and to my colleagues at Shenley Hospital, who have assisted me 
with advice and constructive criticism. 

Appreciation is due also to the British Standards Institution for 
permission to copy the tables and other data relating to flasks, 
pipettes, and burettes in the Appendix. 


F.N. B. 
The Medical Laboratory, 


The University College of the West Indies, 
Jamaica, B.W.1, 


March, 1954. 
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TECHNIQUES IN CLINICAL CHEMISTRY 


CHAPTER I 
FUNDAMENTALS 


ACCURACY 


THE accuracy of quantitative determinations depends upon a 
number of factors, some of which are beyond the control of the 
technician, whilst others may fairly easily be taken care of. 

The sources of error are legion, and may be classified broadly 
into two groups: (1) Technical errors due to the use of faulty 
equipment or to careless, indifferent technique ; (2) Errors inherent 
in the method, such as the slight loss which occurs in the collection 
of a precipitate which, though allegedly insoluble, is in fact soluble 
to the extent of one part in several thousands. 

Allowance may be made for errors in the second group which 
are known to influence results in a particular direction (either 
-+- or —), or the error may be so small that it may be neglected 
altogether. In the case of technical errors, however, every effort 
must be made to eliminate them. Whilst the error due to what is 
loosely termed the ‘ personal element’ cannot be entirely removed, 
it is unfortunately true that in many cases insufficient pains are 
taken. One hears it said all too often that a certain result is 
‘near enough’ or that a technique is ‘ sufficiently accurate for the 
purpose ’, or that although method A is known to be less accurate 
than method B, the former is quicker, so ‘ we make it do’. 

Hurried, slipshod work in a pathological laboratory may enable 
a greater number of specimens to be dealt with than would be the 
case if closer attention were paid to details, but it has the two-fold 
disadvantage of leaving the operator with the uncomfortable feeling 
that he could do better, and possibly denying to a patient the benefits 
that might accrue from an analysis more carefully performed. On 
the other hand, striving towards accuracy not only gives one personal 
satisfaction, but instils confidence in one’s results, and may in 
time lead to the realization that small variations from the normal 
range of a body constituent are of significance, and cannot be 
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lightly dismissed as being within the range of experimental error. 
In fact, it may be that the terms ‘ experimental error ’ and ‘ careless- 
ness error’ are largely synonymous. 

To some extent, the degree of accuracy attained in quantitative 
chemical work is governed by what may be called the ‘ policy’ 
of the laboratory. For instance, most laboratories can boast of an 
analytical balance which is capable of weighing to within +0-1 mg., 
so that in preparing 100 ml. of a 1-0 per cent solution of a solid, 
the amount which is actually weighed lies between 1-000] and 
0-9999 g., an error of +0-0001 per cent. Having laboriously 
weighed this amount of the solid, it is dissolved in distilled water, 
the temperature of which is usually unknown, transferred with 
great care to a volumetric flask of Grade B quality, and subsequently 
measured, in the performance of the test, with pipettes also of 
Grade B quality, both flask and pipettes having a possible error 
of +2 per cent. Finally, the result may be read by means of a 
photo-electric colorimeter for which a large sum of money has 
been paid, and for which the manufacturers claim a degree of 
accuracy approaching 100 per cent. The attainment of maximum 
accuracy at one stage of the proceedings is so much wasted time 
and effort unless the same principle is adhered to throughout. One 
must, therefore, maintain a sense of proportion and realize what 
is the utmost degree of accuracy which is consistently possible 
under working conditions. 

In a volumetric analysis involving the use of a solution containing 
10-000 g. of a substance in 100 ml., it is immaterial whether one 
weighs 10-001 g. or 9-999 g., for the error of +1 mg. may correspond 
only to a burette error of +0-01 ml. Not only is a burette of 
ordinary pattern incapable of measuring accurately such a small 
volume as 0-01 ml., but the sensitivity of indicators is inconsistent 
with the visual recognition of a change of colour produced by such 
avolume. ‘These examples may be said to represent extreme cases— 
they are intended only to emphasize the need for bearing in mind 
the manner in which an ‘ accurate’ solution is to be used, and not 
to condemn as inaccurate a solution which is finally measured in 
apparatus lacking comparable accuracy. 

The accuracy, or more frequently the inaccuracy, of apparatus 
is often overlooked, or at least not considered sufficiently seriously. 
In volumetric work the one indispensable item of apparatus is the 
burette, and it is the one which is most liable to error. The irregu- 
larity of its internal structure in the vicinity of the stop-cock favours 
the accumulation of debris and air-bubbles, both of which may 


become dislodged during the course of titration and be ejected 
through the jet. 
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Leakage of fluid through an ill-fitting stop-cock, the presence of 
grease or other water-insoluble deposits on the interior of the 
burette walls, and failure to commence work with a burette which 
is not only chemically clean but also dry, may all contribute to an 
erroneous result. The remedy for each of these faults is self- 
evident. 

It is a wise precaution, before accepting a burette for routine 
use, to check a number of its chief graduations by weighing 
measured volumes of distilled water delivered from it, and either 
to re-graduate, or more simply, to apply a correction factor if 
necessary. 

Attention should be paid to the jet, which should deliver not 
less than 20 drops (each 0-05 ml.) per 1 ml. A well-made jet should 
deliver 25 to 30 drops per 1 ml. Even greater ‘ jet delicacy’ may 
be achieved by warming the jet and dipping the last inch of it in 
molten parafin wax, excess of which may be removed by rapid 
shaking. By this means it is possible to obtain 35 to 40 drops per ml. 
A further advantage to be gained by it is that the drops fall cleanly 
and there is little tendency for the issuing fluid to creep up the 
outside of the jet. 

Graduated flasks are calibrated to contain a definite volume of 
liquid at a certain temperature—usually 20° C.—the most com- 
monly used sizes being 25, 50, 100, 200, 250, 500, and 1000 ml. 
The preparation of standard solutions should be carried out only 
in these flasks, graduated cylinders are not only insufhciently 
accurate, but on account of their shape, the mixing of their contents 
is difficult. As the volume of a glass vessel is influenced by heat, 
graduated flasks should never be dried in an oven, but after rinsing 
with distilled water they should be washed out with acetone, or 
alcohol followed by ether, and then inverted to dry. In spite of 
regaining its original temperature, a flask which has been heated 
takes a considerable time to contract to its specified volume. Sub- 
stances such as sodium hydroxide should never be dissolved in 
graduated flasks, partly on account of the heat generated, and 
partly because strong alkalis tend to etch the glass. Such sub- 
stances must be dissolved in a beaker or plain flask in a volume of 
solvent slightly less than the total required, then allowed to cool 
to room temperature before being washed quantitatively into the 
graduated flask. Similar precautions must be observed in the 
dilution of concentrated sulphuric acid. (Incidentally remember 
to add the acid to the water not the water to the acid, otherwise 
dangerous splashing may occur.) Graduated flasks should not be 
used for measuring volumes of liquid to be transferred to other 
vessels, unless circumstances allow the flask to be washed out with 
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diluent, the washings being similarly transferred to the second 
vessel. In any case, unless it is readily soluble, the weighed solid 
should be first dissolved in the solvent before being transferred to 
the flask, a funnel being inserted in the neck of the flask to facilitate 
the process. Ensure by adequate washing that no solid or solution 
is lost on the funnel. Fill carefully up to the mark, insert the 
stopper or close the mouth of the flask with a rubber stopper or 
the finger, and mix by repeated inversion until the solution is 
homogeneous. 

For work of the highest accuracy, the calibration of the flask 
should be checked. This is done by weighing the cool dried flask, 
then filling up to the mark with distilled water and re-weighing. 
At a temperature of 15° C., 100 ml. of water weighs 99-80 g. ; 
at 17° C., 99-77 g., and at 25° C., 99-60 g. 

If it should be necessary to re-calibrate, water may be added or 
removed with a capillary pipette until the volume in the flask registers 
the correct weight. The neck of the flask is then marked with a 
diamond or etching fluid at the lower end of the meniscus. 

When practicable, it is as well to prepare standard solutions in 
volumes of at least 250 ml., as the coefficient of variation (i.e., the 
possibility of error) becomes progressively less as one deals with 
greater weights and larger volumes. 

Pipettes are made to various patterns, each having its own 
particular use, advantages, and disadvantages. ‘Transfer pipettes, 
otherwise known as volumetric or bulb pipettes, have one graduation 
and are calibrated to deliver a specified volume of aqueous liquid at 
a specified temperature. The most usual capacities are 1, 2, 5, 
10, 25, 50, and 100 ml. ; other capacities are available for special 
purposes, such as McLean’s blood-sugar method, for which a bulb 
pipette of 23-8 ml. capacity is made for delivering the diluent. 
(This method is now rarely used.) For volumes of less than 5-0 ml., 
most workers prefer to use straight graduated pipettes. Bulb pipettes 
are filled by suction to about 1 cm. above the graduation, the outside 
is wiped dry with a cloth or filter-paper whilst the upper end is 
closed with the finger. By gently releasing the finger, the fluid is 
allowed to run back into the bottle until the bottom of the meniscus 
is level with the graduation. The liquid is then transferred to the 
receiver, the tip of the pipette being held against the side and 
allowed to drain for fifteen seconds. In the calibration of pipettes 
of this type, allowance is made for the drop of liquid which remains 
near the tip, and they do not empty completely unless used for 
measuring very mobile liquids such as alcohol or chloroform. Do 
not blow out the residual drop unless the pipette has been re-calibrated 
to be used in this way. 
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Certain precautions must be observed in the act of filling pipettes 
by suction—the tip of the pipette must be kept below the surface 
of the liquid from which measured volumes are being taken, other- 
wise there is a danger of sucking the liquid into the mouth. In 
the case of poisonous liquids such as solutions of CyANIpEs, it 
is dangerous to use pipettes in this way. Either use a burette or 
a pipette fitted with a teat. The upper end of the pipette should 
be plugged with cotton-wool, as a guard against either drawing 
liquid into the mouth or to prevent saliva running in and con- 
taminating the liquid being measured. In transferring liquid from 
a pipette the tip of the pipette must not be allowed to come into 
contact with other liquid already present in the receiving vessel. 
This is particularly important if the same pipette is being used for 
transferring volumes of the same liquid to a number of receivers, 
as for example when transferring Nessler’s reagent to a number 
of tubes or flasks containing ammoniacal solutions. 

Straight, graduated pipettes to contain or deliver specified 
volumes are available in various capacities, the most usual being 
1, 2,5, 10, 20, and 25 ml. Those of 1 ml. are graduated to 0-01 ml. ; 
2 ml. to 0-05 ml., whilst those of larger capacity are graduated to 
0-1 ml. For special purposes, particularly for measuring micro- 
volumes of blood, other pipettes graduated at one or two marks 
and delivering as little as 0-01 ml. may be required. This latter 
type of pipette is very liable to be inaccurately graduated and 
should always be calibrated before use. Whether one chooses a 
pipette graduated to the tip or graduated between two marks 
depends upon the purpose for which it is to be used—viscous 
fluids such as blood are best measured from a pipette graduated to 
the tip, so that it can be washed out in the diluent. Re-calibration 
of straight graduated pipettes is not usually possible ; if on checking 
the accuracy of the manufacturer’s calibration a pipette is found 
to be more than +1 per cent wrong, it is more practical to apply 
a correction factor—or, better, change your supplier. The 
laboratory should possess at least one Grade A (tested by the 
National Physical Laboratory) pipette of 1 ml., 5 ml., and 10 ml. 
capacity. 

A detailed consideration of the analytical balance will not be 
attempted here. There are on the market a large and ever-increasing 
number of types of balance, each with its own particular points of 
recommendation ; apart from certain requirements which must be 
fulfilled in the manipulation of a balance of any pattern, sufficient 
to say here that the maker’s instructions for assembling and main- 
taining the instrument in good order must be strictly adhered to. 
The greater the sensitivity of the balance, the greater must be the 
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attention to detail which is observed in its use. The following 
working instructions are generally applicable. 

Release the beam slowly, and, according to whether the balance 
is of the ‘ damped’ type or not, observe whether the pointer comes 
to rest within the specified time or oscillates symmetrically on 
either side of the zero mark on the scale. If it does not, first arrest 
the beam, then remove and carefully clean the pans and make another 
trial. If still not swinging evenly, adjust the balancing screw at 
one end of the beam. This must be done with the beam in the 
arrested position. Adjustment of the balance prior to use as well 
as its manipulation during actual use must be done carefully and 
in an unhurried manner; draughts in the vicinity of the balance 
must be avoided as also must all forms of vibration. Particularly 
during the course of an actual weighing operation, colleagues and 
visitors who may be tempted to interrupt or divert your attention 
must be firmly discouraged! To facilitate all manipulations, the 
instrument should be placed in a good light on a firm bench and 
never moved; the bench should be sufficiently large to accom- 
modate beakers, flasks, bottles of reagents, and note-book for 
recording results of weighings, etc. ‘The bench should be of 
such a height that during the use of the balance the technician 
may sit comfortably. Physical discomfort and fatigue are ex- 
tremely conducive to hurried, inaccurate work and should not 
be tolerated. 

Never place materials to be weighed directly on the pans—use 
a watch-glass, beaker, or weighing-bottle. If, during the transfer 
of a substance from the reagent bottle on to the watch-glass, some 
of the material is accidentally spilled on to the pan, suspend the 
operation whilst the pan is cleaned and then again make sure that 
the beam is accurately counterpoised. The addition or removal of 
material being weighed, the addition or removal of weights, or the 
movement of the rider on the beam should never be done except 
when the beam is arrested. Remember that a balance is a delicate, 
precision instrument and is liable to be seriously damaged by failure 
to observe this elementary precaution. 

When equilibrium is established between weights and material 
being weighed, add up the total weights used (not forgetting the 
amount represented by the position of the rider), and immediately 
make a note of the total. Check the weights again as they are 
replaced in the box, and return the rider to the zero position. Leave 
the balance pans and the interior of the case clean after use and 
keep the door(s) closed. Frequently replenish the beaker or other 
container of calcium chloride kept in the case to absorb water 
vapour. Nothing else should be kept in the case. In clinical 
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‘chemistry, gravimetric methods are used so little that virtually the 
only use to which an analytical balance is put is in the preparation 
of solutions. 

The most important apparatus employed in volumetric analysis 
has been considered—we turn our attention now to the essential 
instrument of colorimetry, the colorimeter. A detailed discussion 
of the use of the photo-electric colorimeter will not be undertaken, 
for it is felt that whilst electrophotometry has a place in research 
investigations for estimating very minute concentrations of certain 
substances, it has a very limited value in routine diagnostic work. 
For those who are in the habit of using an electrophotometer, the 
colorimetric techniques described in the following pages may be 
readily adapted. In the writer’s opinion, however, a visual colori- 
meter of the Dubosq type has many advantages over most photo- 
electric instruments. It is not appreciated, for instance, that the 
sensitivity of an instrument is not necessarily proportional to its 
accuracy, some photo-electric colorimeters being so_ sensitive 
to the effects of certain extraneous variable factors that their 
accuracy is a matter for some speculation. In any case, in the 
present state of our knowledge there appears to be little call 
for an instrument which will differentiate between a blood-sugar 
of 80 mg. per cent and one of 82 mg. per cent—the significance 
is the same. 

There must be few laboratories which do not possess a visual 
colorimeter of one pattern or another. The general principles on 
which they work are the same, all being based on Beer’s law, which 
states that, in passing through a coloured medium, light is absorbed 
in direct proportion to the concentration of the coloured substance. 
As a simple example, it is obvious that if one views light through 
a two-inch depth of a blue solution, it will appear twice as blue 
as the same light viewed through only one inch of the same solution. 
It is not necessary here to describe in detail the construction of 
colorimeters or the manner of their use, except to stress the need 
for absolute cleanliness, the necessity for ensuring that the zero lines 
on the scales are properly adjusted, and that the two halves of the 
field are evenly illuminated. It is recommended that unless the 
operator is possessed of particular skill or training, and the requisite 
equipment is available, no attempt should be made to clean the 
prisms of the instrument—it is a hazardous procedure and almost 
invariably the end-result is no better than the beginning. . Should 
the prisms appear to require cleaning or other attention, the entire 
instrument should be returned to the makers. Similarly, the ocular 
is mounted dust-proof and should not be disassembled, otherwise 
here again trouble will be encountered. 
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The standard formula for colorimetric calculations will be used 
frequently throughout the text, the following symbols being used 
or implied in every case. ‘The formula is :— 


ee ud 1 eee where 
Ua ae cA 


x = the concentration of the substance being estimated 
in 100 ml. of the primary fluid (blood, urine, etc.). 

S = the colorimeter reading of the depth in millimetres 
of the standard solution which matches in intensity 
the colour of the unknown solution. 

U = the colorimeter reading of the depth in millimetres 
of the unknown solution which matches in intensity 
the colour of the standard solution. (In practice 
either S or U is set at a specified depth, which is 
determined by convenience and with a view to 
facilitating the calculation.) 

Y =the amount of the substance (or its equivalent) 
being estimated, actually present in the volume of 
standard solution used. 

V =the volume of the primary fluid used in the 
preparation of the unknown solution. 

dU = the final volume of the unknown solution. 
dS = the final volume of the standard solution. 


gre 8 , / 
In most cases the fraction —— = ]-0 and is omitted 


dS 
from the calculation. 

A/B =a factor used to convert the value of one sub- 
stance into terms of another, in those cases where 
the substance being estimated is not used in the 
preparation of the standard solution (e.g., in the 
estimation of blood-urea (see p. 39). 


VOLUMETRIC ANALYSIS 


The aim of volumetric analysis is to determine the amount of a 
substance in a solution by means of a reaction with a solution of 
another substance. The second solution is of known strength, so 
that in the presence of a suitable indicator a visible change occurs 
when sufficient of the second solution has been added to the first 
to establish chemical equilibrium between them. This process is 
known as ‘titration’. In order to understand fully the principles 
used in volumetric work, certain definitions need to be known :— 

Equivalent Weight—The equivalent weight of an element or 
compound is that weight of it which will combine with, replace 
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or play the same part as, one part by weight of hydrogen, eight 
parts by weight of oxygen, fourteen parts by weight of nitrogen, 
etc. (see ‘Table of Atomic Weights, Appendix, 2). Any unit of weight 
may be used, but the gramme is universally accepted. 

The gram-equivalent weight, therefore, is the equivalent weight 
expressed in grammes ; the milliequivalent weight is the equivalent 
weight expressed in milligrammes. In some publications on 
biological analysis the milliequivalent weight is used in place of 
the more usual milligramme. ‘To convert milliequivalents into 
milligrammes, multiply by the equivalent weight of the substance 
concerned. 

Molecular Weights are obtained by addition of the weights of 
the constituent atoms (e.g., molecular weight of potassium perman- 
ganate KMnO, = 39 + 55 + (4 x 16) = 158). In the molecule 
of hydrochloric acid there is one atom of hydrogen combined with 
one atom of chlorine, or one part by weight of hydrogen is com- 
bined with 35-5 parts by weight of chlorine. As the standard to 
which all other equivalent weights are referred is hydrogen 
(E.W. 1-0), the equivalent weight of chlorine is 35-5. Note that 
the combining weights are considered, not the ratio of atoms. 
The equivalent weight of an element can only be determined when 
the nature of the compound of which it forms a part is known. 

In the molecule of hydrochloric acid there is one atom of hydrogen 
available for chemical reactions. Thus the whole molecular weight 
of hydrochloric acid (i.e., 1 + 35-5 = 36-5) must be taken in 
order to obtain one effective part of hydrogen; therefore the 
equivalent weight of hydrochloric acid is 36:5. The molecular 
weight of sulphuric acid (H,SO,) is 98, but since this weight 
contains two effective parts of hydrogen, the equivalent weight is 49, 
since this is the weight which plays the same part as one part of 
hydrogen. Note that in both of these cases only the hydrogen 
equivalent was considered, the remainder of the molecule being 
‘ dead-weight ’ so far as hydrogen effect is concerned. 

The equivalent weight of a compound should only be considered 
in the light of the reaction in which it is taking part. ‘The above 
reference to sulphuric acid assumes that both of the hydrogen 
atoms are always replaced in a chemical reaction, but if the condi- 
tions are arranged so that only one hydrogen atom takes part, the 
equivalent weight is 98 :— 


NaOH + H,SO, = NaHSO, + H,O 


There are similarly three equivalent weights possible for phos- 
phoric acid, determined according to the number of hydrogen 
atoms in the molecule which are replaced :— 
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1. NaOH + H,PO, = NaH,PO, + H,O 
2. 2NaOH -+ H,PO, = Na,HPO, + 2H,O 
3. 3NaOH + H,PO, = Na,PO, + 3H,O 


STANDARD SOLUTIONS 

When it is to be used for the purpose of determining the 
concentration of Substance A in a solution, a solution of Substance B 
containing a known amount of B is referred to as a ‘ standard’ 
solution. In order that a wide range of substances may be available 
in such strengths that definite volumes of any of them may be 
readily converted into terms of the amounts of solute they contain, 
and into similar terms of other substances, the system of ‘ normality ’ 
is universally employed. 

A normal (1-0 NV) solution is one which contains the gram- 
equivalent weight of a substance in | litre of solution. Solutions 
of greater and lesser strength than this may be prepared either by 
dilution of stronger solutions or by weighing out the appropriate 
sub-multiple of the gram-equivalent of the substance being used. 
Normal solutions must not be confused with Molar (1-0 M) 
solutions, which contain the gram-molecular weight of the sub- 
stance in | litre of solution. In a number of cases, of course, the 
equivalent weight and the molecular weight are identical. In each 
case remember that the requisite weight of solute must be dissolved 
in the solvent before the solution is diluted to the required volume. 
49 g. of sulphuric acid diluted to 1 litre with water would give a 
normal (1-0 N) solution, but a solution made by adding 49 g. of 
the acid to 1 litre of water would not be 1:0 N. 

The Normality Factor indicates the fraction of the gram- 
equivalent weight in a litre of solution, e.g. :— 


1:00 NV NaOH contains the gram-equiv. (40) in 1000 ml. 
O:1OWWeNaOH Ss? eee 0:10 A0: 2, 
085N NaOH ,, 0-85 x 40g. 


Thus by multiplying the normality factor by the equivalent weight 
of the substance concerned, we determine the actual weight of 
the substance in 1 litre. Conversely, if the weight of the substance 
per litre is known, the normality of the solution may be determined 
by dividing that weight by the equivalent weight of the substance. 
For example, a solution containing 8 g. of NaOH in a litre is 
qo = 0:2 N. 

Since all equivalent weights are calculated on the same basis, 
1.€., one part of hydrogen or eight parts of oxygen, it follows that 

al 


” 


” 
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all equivalents are equivalent in their effect to one another, e.g., 
40 g. NaOH or 56 g. KOH will neutralize 63 g. HNO, or 49 g. 
H,SQ,. 

An important principle arising from the definition of normality 
is that equal volumes of solutions of the same normality are 
equivalent, irrespective of the extent to which they may be diluted, 
i.e., 1000 ml. of 0-2 N NaOH = 1000 ml. of 0-2 N HCl, for in 
each case 1000 ml. of solution contains one-fifth of the gram- 
equivalent weight. 

It follows, further, that the volume taken (in ml.), multiplied 
by the normality of the solution, gives the volume of normal 
solution to which the volume taken is equivalent, e.g. :— 


10 ml. of 0-1 N NaOH = 10 x 0-1 = 1-0 ml. of 1:0 N NaOH 
25 ml. of 0:16 N HCl = 25 x 0:16 = 4:0 ml. of 1:0 N NaOH 


In other words, if we increase the strength (normality) of a 
solution, for equivalent chemical effect the volume required must 
be decreased (and vice versa). Using the above principles we can 
translate volume readings for all standard solutions into terms of 
Normal (1-0 NV) solutions and so obtain figures which are readily 
comparable. 

Example of Volumetric Calculation.—Suppose that 18 ml. 
of hydrochloric acid of unknown strength just neutralizes 10 ml. of a 
0-112 N solution of potassium hydroxide :— 


10 ml. 0-112 N KOH = 18 ml. xN HCl 
But 10 ml. 0-112 N KOH = 10 x 0:112 ml. of 1:0 N KOH 





and 18 ml. xN HCl = 18 x x ml. of 1:0 N HCl 
Then Iss. x = 10 & 0-112 
Sige: 10 x 0-112 
18 
= 0-063 


i.e., the hydrochloric acid is 0-063 N. As the equivalent weight 
of hydrochloric acid is 36:5, 1000 ml. of the solution contains 
0-063 x 36-5 = 2:3 g. of hydrochloric acid. 


TYPES OF VOLUMETRIC ANALYSIS 
The simplest type of volumetric analysis is that in which the 
concentration of a solution of unknown strength is determined by 
titration with a solution of another substance of known normality. 
In practice a measured volume of one of the solutions (usually the 
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unknown) is placed in a flask and a suitable indicator added. The 
standard solution is then added from a burette until the end-point 
is reached. The volume of standard solution added from the 
burette is then equivalent to the volume of solution in the flask. 
By applying the appropriate calculation, the strength of the unknown 
solution is then determined. ‘This process is known as ‘ direct 
titration ’. 

Slightly more complicated, in that two standard solutions are 
required, is the technique of ‘ back titration’. Assume that of 
three substances in solution, A, B, and C, solution A reacts with B 
but not with C. B, however, reacts with C. The strengths of 
B and C are known and it is required to determine the strength of A. 
A measured volume of A is placed in a flask together with a suitable 
indicator, and sufficient of B is added to combine with all of A 
and leave an excess. By titrating with the C, the end-point is 
reached when sufficient of C has been added to combine with 
the excess of B. By subtracting from the volume of B added 
to A, the volume of C required to neutralize the excess of B, one 
finds the volume of B which reacted with A. By simple calcu- 
lation, the concentration of A may then be determined. 

Example.—To 10 ml. of asolution of sodium chloride of unknown 
strength is added 15 ml. of 0-1 N silver nitrate, a few ml. of 
concentrated nitric acid and a drop or two of a saturated solution of 
iron alum. It is known beforehand that 15 ml. of the silver nitrate 
solution will be more than sufficient to precipitate all the sodium 
chloride. A solution of 0-1 N sodium thiocyanate is run in from a 
burette until the red colour of ferric thiocyanate appears, then the 
burette reading is noted. ‘This volume (say 8 ml.) represents the 
volume of sodium thiocyanate required to combine with all of the 
excess silver nitrate. 

Calculation.—The excess silver nitrate is equivalent to 8 ml. of 
a 0-1 WN solution. Therefore, as 15 ml. of silver nitrate were 
used, the remainder (15 — 8 =7 ml.) must have combined with 
the sodium chloride in the 10 ml. of NaCl solution. 


10 ml. of x N NaCl = 7 ml. of 0-1 N AgNO, 


That is, the sodium chloride solution was 0-07 N and contained 
58:5 x 0:07 = 4-095 g. of sodium chloride per litre. 

Volumetric determinations may depend upon : (1) Neutralization ; 
(2) Precipitation ; (3) Oxidation ; (4) Reduction. 
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1. Neutralization.—Neutralization methods are employed in 
the determination of the strength of acid and alkaline solutions. 
In the titration of acids of unknown strength, standard solutions of 
alkalis are used. Standard acids, conversely, are used in the titration 
of alkalis of unknown strength. The calculations are simple and 
are based on reactions such as :— 


HCl + NaOH = NaCl + H,O 
Therefore HCl = NaOH 


As either HCI or NaOH is a standard solution, the normality of 
the other is readily calculated by simple proportion. 

2. Precipitation.— 

a. Direct Titration—In these methods, the most frequent 
application is in the determination of the halides with standard 
silver nitrate, an insoluble precipitate of silver halide resulting. 
The first drop of excess silver nitrate combines with a soluble 
indicator (usually a chromate) to form silver chromate of a distinctive 
colour. 

b. Back Titration methods are also applicable to such determina- 
tions, excess silver nitrate being added to the halide solution and 
the excess being then titrated with thiocyanate, using iron alum 
as indicator. 

The reactions involved in these two procedures are represented 
by the following equations :— 


(1) (a) AgNO, + NaCl = AgCl) + NaNO, 
(b) 2AgNO, + K,CrO, = Ag,CrO, ) + 2KNO, 
(2) (2) AgNO, + NaCl = AgCl) + NaNO, 
(b) AgNO, + KSCN = AgSCN + KNO, 
(c) 6KSCN + 2FeNH,(SO,), 
= 2Fe(SCN), + 3K,SO, + (NH,),SO, 


3. Oxidation.—These methods make use of the fact that 
potassium permanganate, acidified with sulphuric acid, provides 
oxygen which will oxidize other substances present. Hydrogen 
peroxide, oxalic acid and oxalates, and ferrous salts may all be 
determined by titration with potassium permanganate. The 
reaction is based on the following equation :— 


2KMnO, + 3H,SO, = K,SO, + 2MnSO, + 3H,O + 50 


It will be seen from the equation that two mols. of potassium 
permanganate are equivalent to five atoms of oxygen. 
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ie, 2KMnO, =50 
2 3é 1582885 6 
31-6 =8 


Thus the equivalent weight of potassium permanganate is 31-6, 
since this is the weight which provides 8 parts by weight of 
oxygen. 

Acidified potassium dichromate provides oxygen in the same 
way, and may be used under much the same circumstances :— 


K,Cr,0, + 4H,SO, = K,SO, + Cr,(SO,), + 4H,O + 30 
K,Cr,0, = 30 
294 = 48 
49 = 8 


The equivalent weight of potassium dichromate is 49. 

4. Reduction.—Methods of this type are usually iodometric, 
for in almost all of them the essential reaction involves the liberation 
of free iodine from iodate in the presence of an acid, the 
iodine being then titrated with standard sodium or potassium thio- 
sulphate. 


(a) NalO, + 5NalI + 6HCI = 31, + 6NaCl + 3H,O 
(b) I, + 2Na,S,0, = 2Nal + Na,S,0, 


As iodates may be obtained in a state of great purity and their 
aqueous solutions are very stable, iodometric titrations are usually 
highly accurate. 


IODOMETRIC STANDARDIZATION OF SOLUTIONS 


Prepare a N/10 solution of potassium iodate (KIO ), by dissolving 
3-567 g. in water and diluting to 1 litre. Potassium iodate may be 
obtained in a state of absolute purity, and may therefore be regarded 
as the basic standard for this system of standardization. 

Prepare a N/10 solution of sodium thiosulphate (Na,S,O,) by 
dissolving 24-82 g. in water and diluting to 1 litre. Check the 
strength of the solution by titration of standard potassium iodate 
solution. 

Technique: To 25-0 ml. of standard iodate solution add about 
12-5 ml. of N/1 sulphuric acid and about 10 ml. of 10 per cent 
potassium iodide solution (or add 1-0 g. of crystalline potassium 
iodide). Run in the thiosulphate solution from a burette until the 
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mixture is faintly yellow, then add a drop of soluble starch solution. 
Continue the titration to the end-point. 


To STANDARDIZE N/10 Hyprocutoric AcIp 


Pipette 10 ml. of the acid to be standardized into a flask, add 
1-0 g. of potassium iodide, and a ‘ knife-point ’ of potassium iodate. 
Titrate the liberated iodine with the standardized solution of 
sodium thiosulphate. 


(1) SKI + KIO, + 6HCl = 6KC! + 3H,O + 31, 
(2) 31, + 6Na,S,0, = 3Na,S,0, + 6Nal 
Therefore PAC el ee INL 4 


If T ml. of thiosulphate solution are required in the titration 
of 10 ml. of acid, the normality of the acid is 0-1 x - 

From the standardized acid, other standard solutions of alkalis 
and acids may be prepared. 

Similarly potassium permanganate solutions may be checked 
against the standard sodium thiosulphate solution according to the 
equation 


2KMn0O, + 8H,SO, + 10KI 
= 6K,SO, + 2MnSO, + 8H,0 + 5], 


That is, a N/10 solution of sodium thiosulphate is equivalent to 
an equal volume of a N/10 solution of potassium permanganate, 
for the equivalent weight of KMnO, is equal to one-tenth of twice 
its molecular weight. 

Iodine in aqueous solution is a mild oxidizing agent, and will 
therefore only act effectively in the presence of relatively powerful 
reducing agents. One molecule of iodine in conjunction with one 
molecule of water supplies nascent oxygen to the reducing agent :— 


I, + H,O = 2HI + 0 


Hydrogen iodide is a powerful reducing agent and will react 
with all but the weakest of oxidizing agents with the liberation of 
iodine and the formation of water :— 


Hi + 0 = H,0 + |, 


Iodometric reactions, therefore, are reversible and theoretically 
never run to completion, though in practice the conditions may 
be so arranged that the reaction goes so nearly to completion in 
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the desired direction that, within the limits of possible accuracy, 
the reaction is quantitative. 

Solutions being titrated should not be warmed, for iodine is 
volatile. The final volume after titration should contain 4 per cent 
to 8 per cent of potassium iodide, concentrations as low as | per cent 
having the effect of retarding the reaction. 

An iodine solution to be titrated with thiosulphate should not 
have an alkaline reaction, for hypoiodite will be formed with the 
result that thiosulphate is converted into sulphate. On the other 
hand too much acid in the mixture has the effect of driving the 
reaction in the opposite direction, so that having discharged 
the final colour, it returns within a few minutes. The acidity 
of the titrated mixture should not exceed 0-2 N, and the titration 
should be carried out in diffused light. 

If starch is used as indicator it should be added near to the end- 
point otherwise it tends to slow down the reaction owing to the 
formation of starch iodide, which reduces the concentration of 
iodine and only slowly decomposes. 

Students may be confused by the methods adopted to convert 
values for one substance into terms of another substance, or into 
terms of a particular constituent of that substance. Several examples 
of such conversions are to be found in the following pages when 
actual techniques are considered (e.g., in the case of the colorimetric 
determinations of blood-urea and magnesium). 

Suppose that it is required to determine the concentration of 
element A (e.g., in blood) by means of a colorimetric method. The 
standard solution with which the treated blood filtrate will finally 
be compared consists of 500 mg. of the compound ABC dissolved 
in 1 litre of water. In order to reduce the strength of this solution 
to a point at which the concentration of A more closely approximates 
to its concentration in the blood, the solution (referred to as the 
‘stock’ solution) needs to be diluted 1 in 10 with water. Then 
1:0 ml. of the diluted (‘ working’) solution will contain :— 


500 : 1 
1000 ~~ 10 


500 1 A 


1000 ~ 10 “ ABC 

If the atomic weight of element A is 30, and the molecular 

weight of the compound ABC is 75, then 1-0 ml. of working 
standard solution will contain :— 


POOF gle ares 30 
1000 * 10 “ ABC * 76 = 0-02 mg. of element A. 


mg. of compound ABC, | or 





mg. of element A. 
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The calculation may not always be so straightforward, however, 
as in the case of the standardization of the dye solution used in the 
estimation of ascorbic acid (p. 138). In such cases the correct 
approach to the problem is to consider first the chemical equation 
representing the reactions involved. 

As a further instance, a somewhat unsatisfactory volumetric 
method is used for the determination of serum sodium (which will not 
be described in detail), in which the final titration of the complex 
sodium zinc uranyl acetate is carried out with 0-02 N sodium 
hydroxide. Failure to appreciate the equation representing the 
interaction between sodium zinc uranyl acetate and sodium hydroxide 
will leave the technical student in doubt respecting the logic of the 
calculation. 

Sodium zinc uranyl acetate and sodium hydroxide combine to 
form uranyl hydroxide, zinc hydroxide, and sodium acetate, 
according to the equation :— 


(UO,),ZnNa(CH,COO), ++ 8NaOH 
— 3(UO,)(OH), + Zn(OH), + 9CH;COONa 


8 mols. of sodium hydroxide are therefore equivalent to 1 mol. 
of sodium zinc uranyl acetate, and hence to 1 atom of sodium. 


1 litre of N 1-0 sodium hydroxide is equivalent to = g. of 


sodium and 1-0 ml. of 0:02 N sodium hydroxide is equivalent to 
0:02 x = mg. of sodium. 


There are cases, unfortunately, in which it is not possible to 
arrive mathematically at a direct equivalence between interacting 
solutions. Within this category falls Hagedorn and Jensen’s method 
for the estimation of blood-sugar (p. 58), in which the reactions 
do not bear a direct stoicheiometrical relationship to the glucose 
values given in the table on p. 61. The table has been compiled 
from the results obtained with glucose solutions of known 
concentrations. 


HYDROGEN ION CONCENTRATION 
(pH) 

The term ‘pH’ is a symbol used to express the concentration 
of ionized hydrogen (H*) in an aqueous solution, the pH of a solution 
bearing no immediate relationship to the concentration of an acid 
or alkali. Water itself is very slightly ionized (i.e., dissociated), a 
litre of pure water containing one-ten-millionth of a gramme of 
hydrogen ions. Expressed in another way, the hydrogen ion 
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concentration (C;,) has a value of 0-0000001 g., or 1 x 10a. 
per litre. The neutrality of pure water is due to the fact that 
hydroxyl ions (OH) are present in the same concentration. 


H+ + OH- = HOH 


If an acid is added to pure water, the increase in the number 
or concentration of hydrogen ions, and consequently the acidity 
of the solution, will depend partly upon the final concentration of 
acid, but to a larger extent upon the concentration of free 
hydrogen ions, that is, upon the degree to which the acid is dis- 
sociated. For example, 0-1 N hydrochloric acid is almost completely 
dissociated, 1 litre containing approximately 0-1 g. of ionized 
hydrogen, so that C, = 1 x 10-1. In actual fact a 0-1 N solution 
of hydrochloric acid is only 91-4 per cent dissociated, so that its 
hydrogen ion concentration (C;,) = 0-1 x 0-914 or 1 x 1077. 

Acids such as hydrochloric, which readily dissociate in aqueous 
solution, are referred to as ‘strong’ acids. As an example of a 
‘weak’ acid, i.e., one which dissociates only slightly in water, we 
may mention acetic acid, a 0-1 N solution of which is dissociated 
to the extent of only 1-34 per cent. The hydrogen ion concentration 
(C;,) in this case is 0-1 x 0-0134 (1 x 10-*°7) g. per litre. Similarly, 
the dissociation of strong bases is relatively greater than that of 
weak bases. 

The system of expressing the reaction of a fluid in terms of 
grammes of ionic hydrogen per litre is inconvenient and cumber- 
some, and in order to overcome the disadvantages of this notation, 
the term ‘ pH’ was coined, and may be defined simply as the index 
of the hydrogen ion concentration with the negative sign changed 
to positive. In the case of 0-1 N hydrochloric acid, the pH is 
1:04; whilst that of a 0-1 N solution of acetic acid is 2-87. 

When the concentration of H ions is exactly equal to the con- 
centration of OH ions, a state of absolute neutrality exists, pure 
water being accepted as the standard. At a temperature of 18° C., 
the concentration of each ion in pure distilled water is 1 x 10-77, 
1.e., it has a pH of 7-07 (for practical purposes 7:00). The addition 
of acid increases the number of H ions so that the concentration 
is more than 1 <x 10-77, and consequently the pH is less than 
7:07. On the other hand, the addition of alkali increases the con- 
centration of OH ions at the expense of the H ions, with a consequent 
increase of the pH above 7-07. The product of the concentrations 
of H ions and OH ions is known as the dissociation constant, and 
for all aqueous solutions at the same temperature it always has the 
same value :— : 


C, % Cy, = 10 
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It follows, therefore, that if one value is known, the other may 
be ascertained by simple difference. For example, if the concentra- 
tion of hydroxyl ions (C,,) is 1 x 10-4, then C, = 1 x 10-2014, 
which is an alkaline solution equivalent in reaction to a solution of 
sodium hydroxide approximately 0-0001 N (pH 10-14). 

The acidity, or alkalinity, of a solution depends primarily upon 
the concentration of ionized hydrogen, a dilute solution of a strong 
acid having a lower pH than a solution of a weak acid of the same 
concentration, the dissociation constant of the former being greater 
than that of the latter. Similarly, in the case of strong and weak 
bases. 

It should be remembered that whilst for purposes of volumetric 
analysis, a unit volume of 0-1 N hydrochloric acid is equivalent to 
the same volume of 0-1 N acetic acid, the two solutions are very 
different in terms of acidity (pH). 

In the titration of an acid with a solution of a base, free H+ ions 
of the dissociated acid combine with OH~ ions of the base to form 
a salt and water, whereby there occurs a loss of equilibrium between 
the positively charged and negatively charged ions of the acid 
molecule, more of which dissociates in order to restore the equili- 
brium. If sufficient base be added, the process will continue until 
all the acid has been dissociated and neutralized. ‘This process 
will take place irrespective of whether the acid be strong or weak, 
the amount of base required to bring about the final result being 
the same so long as the concentrations are the same, and independent 
of their respective dissociation constants, viz., 


10 ml. 0-1 N HCl = 10 ml. 0-1 N NaOH 
10 ml. 0-1 N CH,COOH = 10 ml. 0-1 N NaOH 


It does not follow, however, that the reaction of the ‘ neutralized ’ 
mixture of acid and base will have a pH of 7:07. Whether this is 
so or not will depend upon the reaction of a solution of the salt 
which is formed by the chemical combination of acid and base. 
If equivalent volumes of hydrochloric acid and sodium hydroxide 
are added together, the pH of the mixture will be 7-07 because 
sodium chloride forms a solution which is neutral; on the other 
hand the sodium acetate formed by the combination of acetic acid 
and sodium hydroxide is markedly alkaline, a 0-1 N solution having 
a pH of about 9-0. If the weak base sodium carbonate is titrated 
with hydrochloric acid, the point of equilibrium is reached when 
an amount of acid equivalent to the amount of sodium carbonate 
has been added. As carbonic acid is formed in the process, the 
reaction of the resulting solution will be acid, about pH 5-7, as 
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this is the reaction of a solution of carbon dioxide in equilibrium 
with the atmosphere :— 


2HCI + Na,CO, = 2NaCl + CO, + H,O 


This matter will be referred to again when indicators are considered 
(see below). In general, it may be said that the salts formed by the 
combination of strong acids and strong bases are neutral; strong 
acids and weak bases form salts which are acidic ; weak acids and 
strong bases form compounds which are alkaline. Compounds of 
weak acids and weak bases have a reaction which is dependent 
upon the relative dissociation constants of the substances concerned. 


BUFFERS 


Buffer action means the ability of a solution to resist marked 
changes in pH upon the addition of acid or base, and is usually 
achieved by the combination of weak acids (carbonic, acetic, boric, 
phosphoric, etc.) and their salts. ‘The mechanism depends upon 
the relatively minor degree of dissociation of the weak acids, there 
being only a small difference between the total concentration of 
acid and the concentration of undissociated acid molecules. ‘This 
difference becomes even less marked in the presence of a salt of 
the acid, for by a mass action effect, the negatively charged salt ion 
(e.g., Cl-), represses still further the dissociation of the acid. For 
example, if hydrochloric acid is added to a solution of sodium 
bicarbonate, sodium chloride is formed and carbonic acid is 
liberated into solution. As carbonic acid is only slightly dissociated 
there is only a slight increase in hydrogen ion concentration. 
Similarly, the OH ions of a strong base unite with the salt of a 
weak acid to form a weakly dissociated base. Some substances, 
such as amino-acids, exert a buffer action against both acids and 
bases on account of their ability to form either weak acids or weak 
bases. Such substances, possessing both acidic and basic properties, 
are referred to as ‘ amphoteric ’. 


INDICATORS 


Indicators are defined as substances which, in virtue of a change 
in colour or other demonstrable change, indicate when a chemical 
reaction is complete. In so far as acid/base neutralization reactions 
are concerned, almost all indicators are organic dyes exhibiting 
changes of colour according to alterations in the acidity or alkalinity 
of the solution in which they are dissolved or suspended. There 
are two types of such indicators : (1) those which are colourless in 
one phase but coloured in another (e.g., phenolphthalein) ; (2) those 
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which are differently coloured according to whether they are in 
acid or alkaline solution. | Although this differentiation of indicators 
into two groups is useful in its practical applications| it is not 
strictly true in most cases, for the point of transition from one 
colour to another very rarely occurs at the point of true neutrality 
(i.e., PH 7-07). Phenolphthalein, for instance, is generally regarded 
as being red in alkaline solution and colourless in acid solution, 
but in actual fact the colour change takes place well on the alkaline 
side of neutrality, about pH 8-00. The change of colour of any 
indicator takes place over a portion of the pH scale which is limited 
and which is specific for each indicator. It is due to a re-arrangement 
of certain groupings within the molecule of the indicator, and 
although transition tints between the two fully developed colours 
may be apparent, they are due to a mixture of the two colours, 
and represent the mid point of the range of the indicator, though 
not necessarily the neutral point of the solution being titrated, 
unless, as in the case of bromthymol blue, the transition occurs at 
pH 7-07. It is evident, therefore, that the choice of indicator 
employed for any purpose must depend upon the nature of the 
reacting substances, and the reactions involved, as well as upon 
the degree of accuracy demanded by the expected result. / It is 
important to remember that the distilled water generally available 
for use in the laboratory is not neutral in reaction, for it is actually 
a solution of carbon dioxide in equilibrium with that of the atmo- 
sphere. Usually it has a pH of about 5-7, The presence of carbon 
dioxide in the solutions being used in, or formed during, the process 
of titration is one of the major obstacles impairing the accuracy of 
acid/base titrations, particularly when weak acids or weak bases 
are involved. 

In the titration of a weak acid with a strong base, select an indi- 
cator such as phenolphthalein, which changes colour on the alkaline 
side of neutrality. For the titration of a weak base with a strong acid, 
an indicator changing colour on the acid side of neutrality is required 
—methyl orange or thymol blue. In titrating strong acids and 
strong bases, any indicator showing a transition tint between 
pH 4-0 and pH 10-0 is suitable. The titration of a base in the 
presence of a salt of a weak acid should be performed using an 
indicator suitable for a weak acid. For similar reasons, a mixture 
of an acid and a salt of a weak acid should be treated as a weak base. 

As a general rule, the aim in a titration is to obtain chemical 
equivalence between the two solutions used. For instance, in 
titrating hydrochloric acid with sodium hydroxide, equilibrium is 
established when sodium chloride has been formed with no excess 
of either acid or base. /As sodium chloride forms a neutral solution, 


22 TECHNIQUES IN CLINICAL CHEMISTRY 


an indicator must be selected which changes colour at or about 
pH 7-07 | on the other hand a solution of sodium acetate is distinctly 
alkaline in reaction so in titrating acetic acid with sodium hydroxide 
the use of an indicator changing colour at pH 7-07 is useless. ‘The 
indicator of choice in this case is phenolphthalein, having a transi- 
tion point between pH 8-3 and pH 10-0. The ideal indicator in 
any titration is one having its transition point in a solution of the 
same pH as that of the salt formed by the interaction of the two 
solutions used. 

For general purposes the following indicators are recommended : 

Methyl Red—an azo dye, dimethylamino-azobenzene ortho- 
carboxylic acid. Its colour changes from pink to yellow over a 
pH range of 4-4 to 6:3. It is best used as a 0-2 per cent solution 
in alcohol, only one drop,of the solution being used for each 20 ml. 
of liquid to be titrated. | 

Bromthymol Blue—dibromthymol sulphonephthalein, changes 
from yellow below pH 6-0 to green at pH 7-0, and is deep blue 
above pH 7:6. As it is readily affected by atmospheric carbon 
dioxide, solutions being titrated should be heated to boiling point 
at least once during the process of titration in order to expel carbon 
dioxide in solution. It is used as a 0-1 per cent solution in 20 per 
cent alcohol. 

Methyl Orange—an azo dye, dimethylamino-azo-benzene sulphonic 
acid. ‘This is a relatively insensitive indicator, changing from pink 
to yellow between pH 3-0 and pH 4-0. Its range lies, therefore, 
in a highly acid portion of the pH scale, corresponding to hydrogen- 
ion concentrations of 0-001 g. per litre to 0-0001 g. per litre (i.e., 
0-001 N HCl to 0:0001 N HCl). Its use should consequently be 
restricted to the titration of solutions not weaker than 0-5 N HCl, 
otherwise an accurate end-point will be unobtainable. It is used 
as a 0-1 per cent solution in water. 

| Litmus, a naturally occurring pigment, is best used in the form 
of impregnated papers (i.e., as an external indicator). It is rather 
sensitive to carbon_dioxide, and as its transition phase lies between 
pH 5-0 and pH 8-0, the mid-point of its range is liable to be obscured 
by the presence of pigments other than azolitmin—the most sensitive 
constituent, but comprising only 5 per cent to 6 per cent of the total 
dye content. |The colour change is from red in acid solution to 
blue in alkaline solution, the mid-point being purple and very 
near to absolute neutrality. | Solutions for use are best prepared 
by dissolving 1 g. of azolitmin in 100 ml. of very dilute alkali and 
adding acid until the tint is purple. 

‘Phenolphthalein.—The molecule of this aromatic compound 
exists in two isomeric forms—one a colourless lactone which is 
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stable in acid solution, the other a weak acid whose salts are red. 
All colour changes take place in an alkaline solution, the indicator 
being colourless at pH 8-2, passing through pale pink at pH 9-0, 
and deep magenta at pH 10-0. It is highly sensitive to weak acids 
and should only be used when carbon dioxide can be excluded. 
It is used as a | per cent solution in 70 per cent alcohol._| 

_Thymol Blue—thymol sulphonephthalein, is useful as an indicator 
with a double range, from red to yellow between pH 1-2 and pH 2:8, 
and again from yellow to blue between pH 8-0 and pH 9-6; between 
pH 2-8 and pH 8-0 there is no change. This imparts to thymol 
blue a property conveniently utilized in gastric analysis, for its 
strong acid range pH 1-2 to pH 2:8 may be used to titrate free 
hydrochloric acid, whilst its weak acid range between pH 8-0 and 
pH 9-6 may be used for the estimation of total, combined acid. 
Alkaline solutions weaker than 0-1 normal should not be used for 
the titration in the strong acid range. ‘The indicator is used as a 
0-1 per cent solution in 90 per cent alcohol. 

By means of suitable combinations of indicators, the range of 
colours, instead of being limited to less than two units on the 
pH scale (usually 1-6), may be made to extend over the entire 
range. Whilst such mixtures are useful for finding the approximate 
pH of a fluid, they are not suitable for titration work. However, 
by a simple mixture of methyl red and thymol blue an indicator 
may be made which gives a change of colour from pH 4-4 to pH 9-6, 
being red at pH 6-3 and blue at pH 8-0, the line of absolute neutrality 
being sharply indicated. 

In the use of certain indicators, such as methyl red and phenol- 
phthalein, a device known as ‘light-filtering’ may be employed. 
This procedure consists of incorporating in an indicator solution a 
small amount of another dye which does not change colour within 
the critical pH range. A few drops of methylene blue added to 
methyl red gives a light-filtered indicator which is green at the 
point in the pH scale at which methyl red is yellow, and purple 
at the point at which methyl red is pink. At the point of transition, 
the mixture is grey. Similarly, phenolphthalein may be light- 
filtered with methyl green. This mixture must be protected from 
light, otherwise methyl green tends to decompose. 

A class of indicators now used with increasing frequency in 
general analytical chemistry, though not as yet in clinical work, 
is the adsorption indicators. heir principal use is in the argento- 
metric estimation of the halides, though they may be used in 
titrations of other substances the estimation of which depends upon 
precipitation reactions, the change of colour occurring on the surface 
of the precipitate. Whilst the results obtained with indicators 
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of this type are very accurate, their successful use demands rigid 
control of the conditions under which the titrations are performed. 

The principles underlying the use of adsorption indicators are 
complicated and their further consideration is beyond the scope 
of a book of this size. 


VALENCY 


The valency of an atom may be simply expressed as the number 
of hydrogen atoms with which that atom will combine. Hydrogen 
is said to have a valency of 1, or to be monovalent, since in com- 
pounds consisting of only two elements, one atom of hydrogen is 
never found to combine with more than one atom of another 
element. An oxygen atom, since it combines with two hydrogen 
atoms, is said to be divalent. 

Symbolically, this may be written 


—O— 


each of the two lines or dashes representing unit valency. 
The molecule of water, when written 


H—O—H. 


indicates the divalency of the oxygen atom and the monovalency 
of the hydrogen atoms. It further indicates that each of the two 
hydrogen atoms is combined with the oxygen atom rather than 
with each other. 
Similarly nitrogen, which is in some compounds trivalent and 

in others pentavalent, may be represented either as 

| lb 

N or as N 


es ia 


Typical compounds in which nitrogen is either trivalent or penta- 
valent are ammonia 


and ammonium chloride 
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Carbon, in compounds containing only one carbon atom, is 


always tetravalent (except in carbon monoxide), and is represented 
thus :-— 


LS ga 
| 


The simplest of the organic compounds is methane, a gaseous 
paraffin consisting of one tetravalent carbon atom and four mono- 
valent hydrogen atoms. Its structural formula is :— 


The lines, or dashes connecting the symbols in a structural 
formula are called ‘ bonds’, ‘ valencies’, ‘links’, or ‘ lmkages’. 
Such compounds as those mentioned above, are known as 
“saturated > compounds, in that as the mutual affinities of their 
constituent atoms are fully satisfied there are no spare ‘ valencies’ 
or ‘bonds’ to allow of any further atoms being added to the 
molecule. ‘ Unsaturated’ compounds are those in which at least 
one spare valency exists, so that additive compounds, formed by 
the chemical incorporation into the molecule of at least one atom 
of another element, are possible. The unsaturated nature of such 
compounds is shown in the structural formulz by the presence of 
at least-one ‘ double bond ’, or in some cases a ‘ triple bond ’, e.g., 


formaldehyde, having the formula :— 
H 


H—C 
\ 
O 


The above notes on valency are obviously very brief, and the 
rules formulated only apply under certain circumstances, a number 
of exceptions being known. All that is intended here is a concise 
simplification of a complex aspect of chemistry. 
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CHAPTER II 
PRELIMINARY PREPARATION 


THE CLEANING OF GLASSWARE 


WHILsT sterility of apparatus (apart from syringes and needles) 
used in pathological chemistry is not essential, the importance of 
using only glassware which is chemically clean cannot be too 
strongly emphasized. For analytical purposes there is no such 
thing as an instrument which is ‘clean enough’—it must be 
100 per cent clean and dry, otherwise its use is attended by the 
risk that moisture or any deposit on its surface will introduce an 
error for which no compensation 1s possible. 

It should be a strict rule that the only dry glassware available for 
use in the laboratory should be that which has been (1) thoroughly 
washed in tap water to remove most of the substance with which it 
had previously come into contact ; (2) soaked for twenty-four hours 
in dichromate cleaning fluid (see Appendix 5); (3) washed in 
numerous changes of tap water ; (4) washed in at least three changes 
of distilled water; (5) rinsed in three changes of acetone, and 
finally allowed to dry in a warm, dust-free atmosphere for at least 
twelve hours. 

Pipettes are particularly liable to be neglected, especially in so 
far as adequate washing before being placed in the cleaning fluid 
is concerned. Pipettes or other glass vessels which have contained 
blood or other albuminous fluids need to be very thoroughly 
washed, otherwise the acid may ‘fix’ a deposit which is very 
difficult to remove. Throughout the cleaning and drying process 
care must be taken to avoid damage to both tips and upper ends 
of pipettes—a pipette with a broken tip is no longer accurate, and 
one with a broken upper end is dangerous to use. Coagulated 
protein in the tip of a pipette may be loosened by means of a horse 
hair (do not use wire) introduced into the lumen. Soaking for 
twenty-four hours in pepsin in 1 per cent hydrochloric acid or 
trypsin in 1 per cent sodium bicarbonate, is also a useful wrinkle 
for removing protein deposits from neglected pipettes. Con- 
centrated nitric acid may be used for the same purpose. 

Glass apparatus contaminated by contact with infected material 
may be soaked for twenty-four hours in 3 per cent lysol, or, for 
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apparatus other than graduated glassware, sterilization may be by 
autoclaving. Soaking in lysol must be followed by washing in large 
volumes of water before being subjected to treatment with acid 
cleaning fluid. 

Syringes and needles should either be autoclaved or sterilized 
in the hot air oven, being maintained at a temperature of 160° C. 
for not less than sixty minutes. All-glass syringes are preferable 
to those with metal nozzles, for not only are they easier to clean 
prior to sterilization, but there is less chance of their being damaged 
by heat. The most satisfactory method of preparing syringes for 
use is as follows :— 

After use, throughly clean the syringe and needle with water, 
removing debris from the barrel of the syringe with a brush. A 
stylet should be passed through the needle to ensure that the lumen 
is clear. The methods used to polish and sharpen needles need 
not be described in detail—it is sufficient to emphasize the necessity 
for careful inspection of needles before they are put into use. They 
may be dried, after cleaning and sharpening, by washing through 
with acetone. 

Acetone may also be used for drying syringes. When dry, lightly 
smear the plunger with liquid paraffin and insert into the barrel, 
then attach the needle to the nozzle of the syringe with the bevel 
on the same plane as the graduations on the barrel. Place the 
assembled syringe and needle into a test-tube of such a size that 
the flange rests on the rim of the tube and the point of the needle 
is clear of the tube bottom. Wrap the exposed end of the syringe 
in cellophane, affixing to the test-tube with adhesive plastic tape 
so that air is completely excluded. The assembled syringe is then 
ready for sterilizing. 


DETERGENTS 


An increasing number of synthetic detergents are coming into 
use for cleaning laboratory glassware, and although prejudice may 
for some time favour the older methods of cleaning, there is little 
doubt that they will ultimately be replaced by the new products 
for many purposes. 

Their advantages are numerous ; they may be used in either hot 
or cold water, and are equally effective in either acid or alkaline 
solution, though they are themselves almost neutral in reaction. 
They may be used in either hard or soft water, and after use leave 
no insoluble deposit; they do not coagulate proteins, so that 
pipettes or other apparatus which have contained blood may be 
immersed immediately in the detergent solution. 
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Their cleansing action is due to their property of lowering the 
interfacial tension between aqueous solutions and oily or greasy 
liquids or solids, a 1-0 per cent solution of * Teepol ’, manufactured 
by Shell Chemicals, Limited, having a surface tension of 32-8 dynes 
per cm., compared with 72:9 dynes for pure water. For general 
purposes, a concentration of between 0-3 and 0-6 per cent is effective. 


THE COLLECTION OF PATHOLOGICAL SPECIMENS 
AND THEIR SUBMISSION TO THE LABORATORY 


A pathological report is as good as the specimen upon which 
the report is made, and it may be added that a specimen is as 
good as the manner in which it is collected. It is not sufficiently 
appreciated how often an inaccurate or misleading result is obtained 
by reason of the specimen having been collected wrongly or care- 
lessly. Amongst the errors which may possibly arise are those due 
to (a) collecting a blood specimen for estimation of fasting sugar 
after the patient has had food, sweets, or insulin; () collecting 
faeces for examination for occult blood from a patient who has not 
been on a meat-free diet for at least three days ; (c) failure to time 
accurately the periods between which specimens of urine are 
collected when performing a urea-clearance test. ‘These three cases 
are merely examples from an almost inexhaustible list. 

Specimens should be clearly labelled as soon as they are collected, 
and should bear the name of the patient, the hospital ward or 
name of the doctor concerned, the date and time of collection, and 
an indication of the nature of the examination which is to be 
performed. The possible dangers to patients which may arise 
through incorrectly labelled or unlabelled specimens being sent 
to the laboratory need only be mentioned to be appreciated. It is 
the author’s practice to reject any specimen which is not correctly 
labelled—a practice which tends to invite administrative criticism, 
but which fulfils the more important function of safeguarding the 
patient. 

The remainder of this brief note is intended more for the guidance 
of nursing and medical personnel than for the pathological staff, 
who should already be fully conversant with the manner in which 
specimens are required to be submitted to the laboratory. This is 
not meant to imply that doctors and nurses have no knowledge of 
the subject, but rather to emphasize the all-round benefits which 
accrue from close collaboration between the wards and the laboratory 
upon matters which at first may appear to be trivial. There may, 
for instance, be a sound technical reason why certain specimens 
should be sent to the laboratory on certain days or at certain times 
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of the day, and if these reasons are pointed out to those concerned, 
not only are results more reliable, but personal friction is avoided. 

Every specimen should be accompanied by the appropriate 
request form, upon which should appear not only the patient’s 
personal details, but also a brief clinical note and/or a reason for 
the examination having been requested. A reference to similar 
examinations carried out previously is often of practical use as 
well as being of interest. 

The word ‘ UrGENT’ accompanying requests for examinations 
should be used sparingly, and should really mean what it says, 
though in the author’s experience the word is frequently used when 
what is actually meant is that the request for the examination should 
have been made several days ago but was forgotten. 

Close collaboration between ward and laboratory will reduce the 
frequency of ‘ frivolous’ requests. It is hardly fair to a possibly 
overworked laboratory staff to ask for faecal fat analyses upon a 
patient simply on account of diarrhoea which may have been caused 
by nothing more than a dietary indiscretion. The possible value 
and clinical application of pathological results should be kept in 
mind when requests for examinations are made, and while no one 
can object to testing a specimen of feeces for occult blood in a 
patient with abdominal symptoms, there seems little to be gained 
by performing a van den Bergh reaction upon a patient who is 
obviously deeply jaundiced. 

Care should be taken to avoid risks to others who may handle 
pathological specimens—blood, faeces, and other fluids which may 
contain pathogenic organisms should be placed cleanly in the 
appropriate container without soiling the outside, and care must 
be taken to ensure that stoppers and lids fit securely. 


THE COLLECTION OF BLOOD SPECIMENS 


In routine laboratory practice arterial blood is never used. The 
choice between venous or capillary blood is determined partly by 
the age and physical condition of the patient, and the availability 
of a suitable vein, and partly by the amount of blood required. 
For some purposes (e.g., the determination of calcium or uric acid, 
which are present in the blood in very low concentration), venous 
blood is necessary, as usually at least 2 ml. of serum is required. 
In the case of blood-sugar estimations, particularly upon young 
patients or when a glucose-tolerance test is performed, it is usually 
desirable to employ a method for which small volumes (e.g., 0-1 ml.) 
of blood may be used. Under such circumstances capillary blood 
is convenient as the requisite volume may be collected direct into 
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a blood pipette and discharged immediately into a measured 
volume of diluent or deproteinizing fluid. The possible disadvantage 
of the method lies in the fact that should a mishap of any kind occur 
during the course of the analysis, more blood will need to be 
collected, or the whole test repeated on another occasion. Such 
an accident in the midst of a glucose-tolerance test can be very 
annoying, both to the operator and to the patient, who may not 
be so willing to co-operate on the second occasion. ‘To meet this 
contingency it is a wise precaution to collect capillary blood samples 
in duplicate—the second specimen being held in reserve in the 
refrigerator, to be used in the event of the first specimen being 
wasted. For most purposes, however, venous blood is to be pre- 
ferred and may be collected either into tubes or screw-capped 
bottles, either ‘plain’ or containing sufficient anticoagulant to 
prevent the clotting of 5 ml. or 10 ml. of blood. The anticoagulant 
of choice is neutral potassium oxalate, which may be placed in the 
bottles in the form of a 5 per cent aqueous solution, 0-25 ml. being 
suitable for 5 ml. of blood. The solution is pipetted to the bottom 
of the tube or bottle and evaporated to dryness in an oven at a 
temperature which must not exceed 80° C., otherwise the oxalate 
tends to decompose. Potassium oxalate may also be used in the 
form of a saturated aqueous solution, and whilst this method has 
the disadvantage of introducing a slight dilution error, of the order 
of 1-2 per cent, it has the valuable property of causing the minimum 
of hemolysis. In order to obtain the optimum concentration of 
oxalate (0-25-0:3 per cent), the solution may be added to the 
container from a pipette which has been calibrated to deliver 
15 drops to the cubic millilitre (0-066 ml. per drop). One drop of 
saturated oxalate solution from this pipette provides sufficient 
anticoagulant to prevent the clotting of 1 ml. of blood. Ovxalate 
should not be used to prevent the coagulation of blood intended 
for the estimation of calcium, for the calcium would thereby be 
precipitated as insoluble oxalate. 

Sodium citrate may be used under the same circumstances as 
potassium oxalate, and has the advantage of causing even less 
hemolysis ; it also permits the subsequent determination of calcium 
with which it combines in an unionized soluble form which may 
still be precipitated by the addition of a soluble oxalate. Citrate 
interferes with the determination of uric acid, and citrated blood 
may not yield a clear protein-free filtrate. One drop (0-066 ml.) 
of a saturated solution prevents the coagulation of 1 ml. of blood : 
the optimum concentration is 0-6 per cent. 

Heparin and hirudin are frequently advocated as anticoagulants, 
but whilst they are excellent for the purpose, there is little evidence 
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‘that they are superior to either oxalate or citrate. Heparin is 
preferable to hirudin and may be used in a concentration of 
0-1-0:2 mg. per 1 ml. of blood. 

Glycolysis may be prevented, or at least retarded, in vitro, by the 
addition of an enzyme poison such as fluoride to the anticoagulant, 
the following mixtures being satisfactory :— 

1. Sodium fluoride, 1-0 g. Thymol, 0-1 g. 

‘The two substances are finely powdered together in a mortar 
and added to blood to give a final concentration of 1 per cent, i.e., 
0-05 g. for 5 ml. of blood. Glycolysis is retarded for at least ten 
days, and preserves the blood for the estimation of uric acid and 
non-protein-nitrogen for up to a week. The hydrolysis of ester 
phosphorus is also prevented. 

2. Sodium fluoride, 1-2 g. Potassium oxalate, 6-0 g. 

The finely powdered mixed salts are dissolved in 100 ml. of water 
and distributed into screw-capped bottles in volumes of 0-05 ml. 
for each 1 ml. of blood. The water may be evaporated off in the 
way described for oxalate tubes. Glycolysis is prevented for 
several days. It must be remembered that as fluoride is an enzyme 
poison blood preserved by its use is unsuitable for the determination 
of urea by a urease method. Care must also be taken to ensure 
that urea estimations are not undertaken on specimens of blood 
collected into the potassium and ammonium oxalate mixture of 
Heller and Paul, usually employed for hematological purposes. 

The ‘ chloride-shift’: Blood, in the vessels and at the moment 
it is shed or is withdrawn mechanically, is in gaseous equilibrium 
with the surrounding tissues, arterial blood having the same CO, 
tension as the alveolar air, i.e., about 40 mm. of mercury, or about 
5 per cent. Capillary blood contains slightly more carbon dioxide 
and venous blood appreciably more. On exposure to air it is rapidly 
given off in order to attain equilibrium with atmospheric carbon 
dioxide, which is only about 0-03 per cent. For this reason, shed 
blood would become more alkaline, if it were not for a compensatory 
migration of ions (chiefly chlorine) from the corpuscles into the 
plasma, thus once more stabilizing the pH. ‘The chloride content 
of the plasma of shed blood is therefore higher than that of the 
plasma (‘ true plasma ’) as it circulates in the vessels. ‘The pheno- 
menon is known as the ‘ chloride shift ’, and its prevention in blood 
intended for the estimation of chlorides is a matter of some impor- 
tance. It is accomplished by the simple expedient of collecting the 
blood under a layer of liquid paraffin, which prevents the loss of 
CO, which initiates the ‘ shift’. 

The author’s practice is to place the requisite volume of saturated 
potassium oxalate solution in a centrifuge tube and cover it with 
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liquid paraffin to a depth of about 1 cm. A similar volume of 
sterile liquid paraffin is drawn into a 10-ml. all-glass syringe and 
all air is expelled before the needle is attached to the nozzle of 
the syringe. Having filled the syringe with blood up to the 10-ml. 
mark, using the minimum of venous constriction, the contents of 
the syringe are transferred to the tube, keeping the point of the 
needle below the paraffin layer. The tube is closed with a rubber 
stopper, inverted slowly a few times to mix the blood and anti- 
coagulant thoroughly, and then as soon as possible the tube is 
centrifugalized and the plasma transferred to another tube by 
means of a capillary pipette and teat. Chlorides in the separated 
plasma may then be estimated when convenient. 

When serum is required for analysis, a volume of blood at least 
twice the volume of serum needed is collected into a ‘ plain’ tube, 
and placed in the 37° C. incubator for about one hour, to hasten 
clotting. The clot is detached from the sides of the tube by means 
of a sealed capillary glass tube and the whole specimen is centri- 
fugalized, the serum being then transferred to another tube using 
a capillary tube and teat. Serum is sometimes required quickly, 
and may be easily obtained with very little hemolysis by defibrina- 
tion. This is carried out by emptying the contents of the syringe 
into a small conical flask into which dips a thin glass rod with 
irregular pieces of capillary glass fused on to the end. By swirling 
the blood around in the flask, the fibrin adheres to the rod and 
may be removed. By this method a good yield of serum may be 
obtained within five minutes. 

Certain substances, notably urea and glucose, are so readily 
diffusible that the total concentration in the blood is equally 
distributed between cells and plasma, and for this reason it is 
immaterial whether estimations are performed on whole blood, 
serum, or plasma. In the case of other blood constituents, however, 
it is necessary to exercise care in the selection of the medium in 
which the analysis is to be carried out. Potassium, for example, 
is confined largely to the corpuscles, only a relatively small amount 
being found in the plasma, so that in this case not only is it necessary 
to use cell-free plasma but it must also be free of the products of 
hemolysis, plasma showing the faintest tinge of free haemoglobin 
is of no use for potassium estimations. It is a wise precaution 
before attempting an estimation of potassium to examine the plasma 
spectroscopically—the presence of the absorption bands of 
oxyhemoglobin being sufficient reason for discarding the specimen, 
even though to the naked eye it may appear to be hemoglobin-free. 
Similarly, calcium is always estimated either in serum or citrated 
plasma, preferably the former. It may be accepted as a general 
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rule that if the concentration of a substance in whole blood differs 
from its concentration in plasma, estimation should be performed 
on plasma (or serum, which is simply plasma minus fibrinogen), 
otherwise the result will be largely influenced by the relative volumes 
of cells and plasma. It is possible that in the case of certain consti- 
tuents, such as sodium and potassium, the wider range of the 
‘normal’ values in whole blood as compared with plasma is due 
to a great extent to variations in red-cell count, i.e., to the presence 
or absence of anemia. 

In assessing results it is likewise important to remember the 
differences which may exist between arterial, venous, and capillary 
blood; glucose, for instance, is present in higher concentration 
in the capillaries than in the veins, a point of some importance 
when comparing the results obtained by different methods. The 
necessity for restricting the muscular and dietary activities of the 
patient prior to the collection of blood, faces, or urine will be 
referred to when considering specific techniques and the interpreta- 
tion of results. In general it may be said that whilst in all cases 
it is not certain that blood should be collected whilst the patient 
is fasting (i.e., not having had food for twelve hours), it is neverthe- 
less a stipulation to which adherence is fairly easy, and does at 
least standardize the technique. In any event, whether or not 
certain results are influenced by diet a clear, sparkling plasma or 
serum is a much better ‘raw’ material to work with than one 
which is turbid and chylous. 


THE COLLECTION OF URINE SPECIMENS 


Whenever possible, all urine examinations should be carried out 
as soon as possible after the specimen has been voided, to minimize 
decomposition due to bacterial growth, and to prevent the oxidation 
of certain substances on exposure to light and air. 

Most quantitative analyses are performed on twenty-four hour 
specimens, the volume of urine passed during that period being 
measured in order to determine the daily output of the constituent 
under investigation. It is not usually necessary that the entire 
specimen be sent to the laboratory—after thorough mixing, a 
representative sample of about 200 ml. is all that is required. For 
some purposes it is necessary to separate the urine passed during 
the day from that passed during the night, e.g., when comparing 
the specific gravities of the urine passed during those two periods 
in cases of chronic nephritis. 

It is advisable to examine urine as soon as possible after it has 
been voided, and the addition of preservatives is not necessary 
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unless twenty-four hour specimens are being collected. Even 
then the addition of chemical preservatives is not a very satisfactory 
procedure, for whatever is used it will not prevent the decomposi- 
tion of every urinary constituent, and some are actually destroyed 
or precipitated thereby. The best all-round preservative is con- 
centrated hydrochloric acid, 1 ml. being added to 100 ml. of urine. 
Urea is preserved by it, probably on account of the lowering of the 
pH; other nitrogenous substances are also preserved, although 
uric acid is precipitated and cellular deposits are destroyed. It is 
desirable to neutralize the excess acid before the urine is examined. 

The oxidation of melanogen and homogentisic acid may be 
prevented by the addition of 1 ml. of a saturated solution of sulphur 
dioxide per 100 ml. of urine, though tests for homogentisic acid 
are often unsatisfactory after preservation by this method. SO,- 
preserved urine containing melanogen still gives the Thormahlen 
reaction. Excess sulphur dioxide may be removed by boiling and 
neutralizing with sodium hydroxide. 

Ascorbic acid is best estimated in fresh urine, though its oxidation 
may be retarded by the addition of 1 ml. of glacial acetic acid to 
10 ml. of urine. 

Glucose does not readily decompose in urine, and even in twenty- 
four hour specimens preservation is not necessary. It may be 
necessary at times to collect urine for glucose estimation about 
one hour after meals in order to detect mild grades of glucosuria, 
for the first urine passed on waking in the morning may be sugar- 
free owing to the night’s fast. 


THE COLLECTION OF FRCES 


Special methods of collecting specimens of faeces for chemical 
examination are only required during the course of metabolism 
experiments, which do not fall within the scope of this work. In 
that connexion it is sufficient to observe that the decomposition 
of constituents under investigation must be prevented by the addi- 
tion of suitable substances which are inert from the point of view 
of the investigation. In routine clinical work it rarely happens 
that any elaborate preservation technique is called for. More 
important in most cases is the dietary preparation of the patient. 
This will be referred to under the appropriate headings. Receptacles 
for faeces specimens leave much to be desired, though it is difficult 
to recommend improvements, and, on the whole, 4-0z. waxed cartons 
with a threaded top of the same material are probably better than 
most specimen containers at present available—they are not expen- 
sive and may be destroyed after use. For bacteriological purposes 
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they have the possible (theoretical ?) disadvantage that they cannot 
be sterilized. Under certain circumstances it may be necessary 
to estimate the amount of a substance (e.g., fat) which is being 
excreted per day, in which case the entire output of faces for a 
period of twenty-four hours should be collected, weighed, and 
thoroughly mixed so that a representative sample may be submitted 
to the laboratory. Care must be taken that faeces are not con- 
taminated with urine. 


THE COLLECTION OF CEREBROSPINAL FLUID 


This is actually a clinical rather than a laboratory procedure, 
therefore only passing reference to it will be made. The presence 
of blood in the specimen should be noted and a flexible attitude 
adopted towards acceptance of any results, but particularly protein 
reactions, from specimens containing blood detectable by naked-eye 
inspection. In the examination of a coloured fluid every effort 
should be made to determine the nature and significance of any 
pigment present, particularly in respect of possible past or present 
hemorrhage. It is common practice to submit two specimens, 
representing the first and second volumes of 3 or 4 ml. issuing from 
the needle. It is preferable to carry out all chemical examinations 
on the second specimen, the first being reserved for bacteriological 
and serological investigations. 


THE COLLECTION OF GASTRIC CONTENTS 


This again is an operation which is only rarely carried out by 
laboratory personnel, though in this case there appears to be need 
for more precise methods. ‘The fact that from first to last, the 
removal of the contents of the stomach tends to be a somewhat 
unpleasant, ‘ messy’ business leads to the belief that no particular 
care needs to be exercised. The task of inducing a patient to 
swallow a stomach tube falls more within the province of a psycho- 
logist than a laboratory technician and will not be described here, 
the essential precautions only being mentioned. The patient must 
not swallow saliva. This is important, but is a requirement demand- 
ing some degree of discipline on the part of the patient, and it 
may be impossible to achieve it in the case of one who is gravely 
ill, or who for any other reason is incapable of full co-operation. 
As several hundred millilitres of saliva may be secreted during the 
course of a fractional test-meal, it is obvious that its presence in 
specimens intended for chemical examination will introduce a 
serious error. ‘Therefore, provide the patient with a sputum mug. 
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For similar reasons, water must not be either given to the patient 
to drink, or Used to facilitate the removal of the gastric juice. 
After the resting juice has been removed and the meal swallowed 
endeavour to remove equal volumes (about 10 ml.) for each 
subsequent specimen and empty the stomach tube by blowing a 
few millilitres of air down it, otherwise the succeeding specimens 
will contain 1-2 ml. remaining in the tube after the last withdrawal. 
The whole of the resting juice should be sent to the laboratory, 
for its volume, as well as its constituents, may be of diagnostic 
significance, particularly in cases where retention is present. When 
chloride estimations are to be carried out, it need hardly be said 
that the meal should not be flavoured with salt. 

Collection and examination of vomited material is rarely of value 
on account of the unknown dilution due to the presence of 
undigested food and an unknown volume of duodenal contents. 
The question of poisoning may arise, but otherwise the detection 
of blood is the only laboratory aid possible. 


THE COLLECTION OF EXUDATES 
AND TRANSUDATES 


Such specimens are only rarely sent to the laboratory for chemical 
examination—it happens more frequently that bacteriological and 
cytological studies are required. Where there is doubt as to 
whether an accumulation of serous fluid is an exudate or a transudate, 
the estimation of the total protein is sometimes of help. Under 
these circumstances the specimen may be collected into prepared 
oxalate bottles, the specified volume of fluid being added and 
thoroughly mixed with the anticoagulant. 


THE PREPARATION OF THE PROTEIN-FREE 
FILTRATE 


The most usual method of preparing a protein-free filtrate is 
that of Folin and Wu, in which sodium tungstate and sulphuric 
acid are added to a volume of blood diluted with water, to give a 
final blood dilution of 1 in 10. In actual fact the precipitant is 
tungstic acid H,WQ,, which is formed by the combination of 
tungstate and acid :— 


Na,WO, + H,SO, = H,WO, + Na,SO, 


The molecular weight of sodium tungstate is 294; the combining 
weight is 147. A 10 per cent solution will therefore be slightly 
Stronger (actually 0-2 per cent stronger) than the 2/3 N solution 
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which, theoretically, is required to combine with an equal volume 
of 2/3 N sulphuric acid. Whilst at first sight somewliat discrepant, 
this has the effect of ensuring that blood filtrates shall be either 
neutral in reaction or very slightly alkaline. 

To prepare a filtrate from whole blood, the usual procedure is 
to add 1-0 ml. of blood to 7-0 ml. of water, then add 1-0 ml. of 
10 per cent sodium tungstate and 1-0 ml. of 2/3 N sulphuric acid. 
The mixture is allowed to stand for about five minutes, then it is 
either filtered or centrifugalized. The tungstate and acid may be 
mixed before adding 2-0 ml. of the mixture to the 1-0 ml. of blood 
and 7:0 ml. of water. The author’s practice is to add the tungstate 
to the water, follow with the blood, and finally add the acid, a 
variation of the method which appears to facilitate filtration. If 
serum or plasma is used for the analysis, 8-0 ml. of water, 1-0 ml. 
of serum or plasma, and 0-5 ml. each of sodium tungstate and 2/3 N 
sulphuric acid are used. 

Other protein precipitants used in the preparation of filtrates 
are under some circumstances preferable to tungstic acid, and 
examples will be found under various headings in the text. ‘Those 
most commonly used are trichloracetic acid, phosphotungstic acid, 
zinc hydroxide, and metaphosphoric acid (the latter in the estimation 
of ascorbic acid). 

For certain purposes it is desirable to prepare the filtrate from 
unlaked blood, in which case the following method is satisfactory :— 

Transfer to a test-tube 8 ml. of the following solution : 


Sodium sulphate (anhydrous) Be 15 c¢: 
Sodium tungstate ae = 6 g. 
Distilled water to .. = ae O00 mi. 


Add 1 ml. of blood, mix thoroughly but gently so that mechanical 
damage to the red cells is avoided. Allow to stand for ten minutes, 
then add 1 ml. of 1/3 N sulphuric acid. Mix again, then centri- 
fugalize at a moderate speed for ten minutes. 

It is claimed that the values obtained for blood-sugar using this 
method are 10 per cent lower than when laked blood filtrates are 
used. Non-protein nitrogen values are one-third lower. Uric acid 
values are also lower and are possibly more accurate. 

Tungsto-molybdic acid as a deproteinizing agent may also be 
used. To 7 ml. of water add 1 ml. of blood, then 1 ml. of tungstate- 
molybdate reagent (see below) and 1 ml. of 0-62 N sulphuric acid. 
Mix thoroughly, allow to stand for ten minutes, then filter or 
centrifugalize. 

The tungstate-molybdate reagent is prepared as follows : Into a 
beaker place 10 g. molybdic acid and 50 ml. 1-0 N sodium hydroxide. 
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Boil gently for four or five minutes, then add about 150 ml. of 
water. Filter the mixture whilst still warm and add to the filtrate 
a solution of 80 g. of sodium tungstate dissolved in about 600 ml. 
of water. Wash through the filter-paper with water and dilute 
to 1000 ml. 

The Somogyi-Shaffer-Hartman method for the estimation of 
blood-sugar will not be described in the text, though as their 
method of preparing a protein-free blood filtrate may be applied 
to other purposes the technique is described below :— 

Lake 1-0 ml. of blood in 7-0 ml. of water. Add 1-0 ml. of 7-0 per 
cent copper sulphate (CuSO,5H,O) and mix. Add 1-0 ml. of 
10 per cent sodium tungstate (Na,WO,:2H,O) with constant 
shaking. Stopper the flask or tube and shake vigorously ; allow 
to stand for ten minutes, then filter or centrifugalize. 

If serum or plasma is used, the procedure is the same except 
that 5-0 per cent copper sulphate and 6-0 per cent sodium tungstate 
replace the solutions mentioned above. 
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CHAPTER III 
EXAMINATION OF BLOOD 


ESTIMATION OF BLOOD-UREA 


ALMosT all the reliable methods for the determination of urea 
depend upon the hydrolysis of urea by incubation with the enzyme 
urease, ammonium carbonate being formed in the process :— 


CO(NH,), + 2H,O = (NH,),CO, 


The ammonium carbonate may then be estimated either by direct 
nesslerization and comparison with a similarly treated solution of 
an ammonium salt, or the ammonium carbonate may be decomposed, 
the evolved ammonia being estimated by titration with standard 
acid. 

COLORIMETRIC TECHNIQUE 


Specimen required.—Either capillary blood, in which case 
0-2 ml. may be collected in a special blood pipette and transferred 
directly into the measured volume of water, or, preferably, 1-0—2-0 ml. 
of venous blood, either oxalated, heparinized, or clotted, so that 
plasma or serum may be used for the analysis. Prepared tubes or 
bottles containing fluoride, or the potassium and ammonium oxalate 
mixture of Heller and Paul, must not be used—the former because 
fluoride is an enzyme poison, and the latter on account of the error 
which would be introduced by the presence of the ammonium salt. 

Special dietary preparation of the patient is not necessary. 

Reagents required.— 

1. Urease suspension: Convenient sources of the enzyme are 
obtainable either in the form of a meal prepared from the seeds 
of the water melon, soya bean, or jack bean, or as compressed 
tablets, each of 25 mg. and sufficient for the preparation of 5-0 ml. 
of suspension. ‘Tablets, whilst a little more expensive than the 
meal, have the advantages of convenience and constant potency. 
Prepare the suspension by pulverizing one tablet (or 25 mg. of 
meal) in a drop of water and diluting to 5-0 ml. with 30 per cent 
ethyl alcohol. Water may be used in place of alcohol, though 
aqueous suspensions are less stable. Alcoholic suspensions, if 
stored in the refrigerator, may be used for a period of up to ten 
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days after preparation, whilst aqueous suspensions are stable for 
only a day or two. 

2. Stock standard solution of ammonium sulphate: Dissolve 
2:2 g. of pure ammonium sulphate in water and dilute to 100 ml. 
Ammonium chloride may be used instead of the sulphate, though 
its molecular weight is less convenient. A stock solution of 
ammonium chloride equivalent to the above solution of ammonium 
sulphate would require 1-783 g. per 100 ml. 

3. The working standard: Dilute the stock standard 1 in 200 
with distilled water. 1-0 ml. is equivalent to 0-05 mg. of urea. 

4. Gum ghatti: The solution used as a protective colloid in the 
preparation of the nesslerized solutions is prepared by dissolving 
1:0 g. in 100 ml. of warm distilled water. Gum arabic may be 
used in the same way and appears to be equally effective. 

5. Nessler’s reagent: Dissolve 100 g. of mercuric iodide and 
70 g. of potassium iodide in 400 ml. of water in a 1-litre volumetric 
flask. In a separate vessel, dissolve 100 g. of potassium hydroxide 
in 500 ml. of water, allow to cool thoroughly, and add to the solution 
in the flask. Make up the volume to 1 litre with water. A small 
amount of brownish-red precipitate will settle out, leaving the 
supernatant solution clear. It may be poured or syphoned into 
a hard glass bottle and will keep almost indefinitely if the bottle 
is kept tightly stoppered. As the stopper may stick, smear a little 
stop-cock grease or ‘ Vaseline’ on the ground part before inserting 
it in the neck of the bottle. 

Method.—Into a centrifuge tube measure the following :— 

Blood, plasma, or serum, 0-2 ml.; Distilled water, 2-0 ml. ; 
Urease suspension, 0-2 ml. 

Place the tube in 4 water-bath at a temperature of 50° C. for 
fifteen minutes, or at 37° C. for forty-five minutes. Precipitate the 
proteins by the addition of 0-3 ml. of 10 per cent sodium tungstate 
and 0-3 ml. of 2/3 N sulphuric acid, mix and allow to stand for a 
few minutes to permit flocculation of the precipitate. Add 5-0 ml. 
of water, mix thoroughly and centrifugalize. Filtering should be 
avoided as some brands of filter-paper contain ammonia. 

Into a wide tube measure: 5-0 ml. of the clear centrifugate, 
5-0 ml. of distilled water, 2 drops of gum ghatti solution. Label 
this tube ‘ U’ (Unknown). 

Into a similar tube measure: 9-0 ml. of distilled water, 1-0 ml. 
of working standard solution, 2 drops of gum ghatti solution. 
Label this tube ‘S’ (Standard). 

In cases where a high blood-urea is anticipated, it is customary 
to prepare a second, or third Standard, containing 2 ml. or 3 ml. 
of the working solution and 8 ml. or 7 ml. of water respectively. 
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Measure into each tube 2-0 ml. of Nessler’s reagent, and compare 
immediately in the colorimeter with the unknown set at a depth of 
40 mm. 

Calculation.—The stock standard solution contains 2:2 g. of 
ammonium sulphate per 100 ml. This is diluted 1/200 for use as 
the working standard. 1-0 ml. of this working standard contains 
2200 “s ] 
100 = 200 

Urea, CO(NH,)s, has a molecular weight of 60. 

Ammonium sulphate, (NH,),5O,, has a molecular weight of 132. 

As both of these compounds contain two atoms of nitrogen, 
and as the colour obtained with Nessler’s reagent is a function of 
the nitrogen content, we may say that :— 


= 0-11 mg. of ammonium sulphate. 


132 mg. ammonium sulphate = 60 mg. urea. 


0 
Therefore 0-11 mg. of ammonium sulphate = = x 0-11 


= 0-05 mg. of urea. 
The dilution of blood in the preparation of the protein-free 


centrifugate is ed Therefore 5-0 ml. of the centrifugate contain 


— x 5=4 ml. of blood. } ml. of blood therefore contains 


8 
= x 0:05 mg. of urea. Hence 100 ml. of blood contain 
=f x 0-05 > =* x 40 mg. of urea. 


By setting the Unknown at a depth of 40 mm. the reading of 
the Standard gives the result in milligrammes of urea per 100 ml. 
of blood. If 2-0 or 3-0 ml. of the working standard are used in 
the preparation of the colorimetric Standard, the reading of ‘S’ 
is multiplied by 2 or by 3. 

Nessler’s reagent consists of a solution of potassium mercuri- 
iodide (K,HglI,), with an excess of potassium hydroxide, the latter 
having the function of releasing ammonia from ammonium com- 
pounds—ammonium carbonate in the case of the Unknown, and 
ammonium sulphate in the case of the Standard :— 


(1) (NH,),CO, + KOH = NH, + KHCO, + H,0 
(2) (NH,),SO, + KOH = NH, + KHSO, + H,O 
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The complex salt NH,Hg,I,, formed by the combination of 
ammonia with potassium mercuri-iodide, is brown, and if the 
concentration of ammonia be small it forms as a colloidal suspension. 
The turbidity which occasionally spoils nesslerized solutions is due 
to disturbance of the colloidal state, and can be prevented by the 
addition of a protective colloid such as gum. It is, moreover, an 
accident of infrequent occurrence if the protein-free centrifugate is 
carefully prepared, and an excess of urease suspension is avoided. 
Excess of oxalate in the blood specimen is often responsible for a 
turbid nesslerized solution. The use of serum for the analysis 
eliminates the latter source of difficulty. 


VOLUMETRIC TECHNIQUE 


Specimen required.—5-0 ml. of oxalated or heparinized blood. 

Reagents required.— 

1. 0-6 per cent potassium dihydrogen phosphate solution. 

2. Urease suspension (as for the previous method, p. 39). 

3. N/100 sulphuric acid: Prepare immediately before use by 
dilution of a stock N/10 solution. 





A B Cc 


Fig. 1.—Aeration apparatus for estimation of blood-urea by the volumetric method 


Tube A contains 25 per cent sulphuric acid. Tube B contains blood and urease 
suspension. ‘Tube C contains standard acid. 
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4. N/100 sodium hydroxide: Prepare immediately before use 
by dilution of a stock N/10 solution. 

The standard acid and standard alkali should be checked against 
each other, using Tashiro’s indicator. 

5. ‘Tashiro’s indicator: Consists of one volume of 1 per cent 
methyl red in 50 per cent alcohol, light-filtered by the addition of 
one volume of | per cent methylene blue in 50 per cent alcohol. 

6. Potassium carbonate, anhydrous. 

7. Potassium carbonate, saturated aqueous solution. 

8. Caprylic alcohol. 

9. 25 per cent sulphuric acid. 

Using the apparatus depicted in Fig. 1, measure 3-0 ml. of 
blood, 2-0 ml. of 0-6 per cent potassium dihydrogen phosphate, 
and 2-3 ml. of urease suspension into tube B and incubate the 
tube either at 50° C. for fifteen minutes or at 30° C. for forty-five 
minutes. The acid phosphate solution establishes the optimum pH 
for the activity of the enzyme. After incubation, connect the tube 
to tubes A and C in the manner illustrated. Measure about 20 ml. 
of 25 per cent sulphuric acid into tube A to absorb atmospheric 
ammonia. Into tube C measure 10 ml. of N/100 sulphuric acid 
and two or three drops of indicator. Draw a slow stream of air 
through the tubes for a few minutes, then add to tube B a few 
drops of caprylic alcohol to prevent excessive frothing, about 3 ml. 
of saturated potassium carbonate solution and 3 or 4 g. of anhydrous 
potassium carbonate. After slow aeration for about five minutes, 
turn on the punpp to give a rapid stream of air for forty-five minutes. 

Disconnect the tubes and wash the delivery tube in C inside 
and outside with a few ml. of distilled water so that no acid is lost. 
Titrate the contents of tube C with N/100 sodium hydroxide. 
With Tashiro’s indicator the end-point is sharp, the colour changing 
from purplish-blue to green. 

Principles.— The ammonium carbonate formed by the hydrolysis 
of urea is unstable and rapidly dissociates :— 


(NH,),CO, = 2NH, + CO, + H,O 


Hastening of the dissociation is effected by aeration which removes 
ammonia, and by the addition of potassium carbonate which fixes 
carbon dioxide :— 


K,CO, + CO, + H,O = 2KHCO, 
The standard sulphuric acid in tube C absorbs ammonia drawn 


over from tube B :— 


H,SO, + 2NH, = (NH,).S0, 
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The excess acid (i.e., the acid not neutralized after the total 
amount of ammonia has passed through) is then titrated with sodium 
hydrozide :— 

H,SO, + 2NaOH = Na,SO, + 2H,O 


Calculation.—From the equation 
H,SO, + 2NH; = (NH,),SO,4 
it will be seen that :— 


1000 ml. of N/1 sulphuric acid = 17 g. of ammonia or 
= 14 g. of ammonia-nitrogen. 


Therefore 1 ml. of N/100 acid = 0-14 mg. of ammonia-nitrogen. 


28 
The nitrogen of the urea molecule, CO(NHg,),, represents 60 of 


the molecular weight of urea, therefore 1 ml. of N/100 acid 


== O14 3X oe mg. of urea. 
The volume of N/100 acid neutralized by ammonia is (10 — titra- 
tion figure) ml. 


The urea contained in 3 ml. of blood is therefore (10 — titr. fig.) 


60 
x 0-14 x 53 MS: 
Therefore 100 ml. of blood contain (10 — titr. fig.) x 0-14 x 
60 100 


yd = (10 — titr. fig.) x 10 mg. of urea. 


Obviously, if the blood-urea is higher than 100 mg. per 100 ml., 
all of the 10 ml. of N/100 sulphuric acid will be neutralized. If a 
high value is expected, it is well to use 20 ml. or 25 ml. of standard 
acid instead of 10 ml., or alternatively use proportionately less 
blood, the calculation being adjusted accordingly. 

Interpretation.—Results -may be misleadingly low in any 
illness of which anorexia is a feature. Kidney disease or long- 
standing prostatic hypertrophy in which there is actually nitrogen 
retention may show a blood-urea level either normal or only slightly 
raised, owing to a prolonged protein-deficient diet. Particular care 
needs to be exercised in the interpretation of the blood-urea in 
pregnancy—values in excess of 35 mg. per 100 ml. of blood are 
probably pathological, especially during the later months. On 
the other hand, the blood-urea may be increased by dehydration 
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such as occurs in severe diarrhcea or vomiting, excessive perspiration 
accompanying high fever, decreased water intake, etc. 

An increase is also to be expected in metabolic disturbances 
involving protein destruction, as in diabetes mellitus, when the 
amount of fat and carbohydrate in the diet is inadequate, or as a 
result of increased cell production such as occurs in myeloma and 
leukemia. A transient slight increase may be caused by violent 
exercise. 

Pathologically raised figures are encountered in nephritis, cardiac 
failure, and poisoning due to a variety of agents, amongst which 
may be mentioned certain infections in which there is no evidence 
of direct renal involvement (e.g., Weil’s disease, in which figures 
in the vicinity of 500 mg. per 100 ml. have been recorded). The 
blood-urea may be greatly increased following gastro-intestmal 
hemorrhage, owing to excessive protein digestion. 

Isolated estimations may be difficult to interpret on account of 
the extent to which non-renal factors influence the result. As a 
means of determining the degree of nitrogen retention, the estima- 
tion of blood-urea should be combined with the estimation of urea 
excretion under standard conditions, the urea clearance test (see 
p. 150) being probably the most satisfactory procedure. 


ESTIMATION OF NON-PROTEIN NITROGEN 
KJELDAHL AND BACK-TITRATION 


Specimen required.—5-0 ml. of oxalated blood. The plasma 
is separated by centrifugalization, and may be stored, if necessary, 
in the refrigerator for twenty-four hours before the estimation 
is carried out. As the non-protein nitrogen is more liable to 
fluctuate in response to food intake than the blood-urea, estimations 
should be performed on fasting blood. 

Reagents required.— 

1. Concentrated sulphuric acid (A-R, nitrogen-free). 

2. Potassium sulphate (A-R). 

3. Copper sulphate, anhydrous (A-R). 

4. Sodium hydroxide (A-R), 40 per cent aqueous solution. 

5. Sulphuric acid, N/100, prepared freshly each time required 
by dilution of a stock N/10 solution. 

6. Sodium hydroxide, N/100, prepared freshly each time required 
by dilution of a stock N/10 solution. The acid and alkali should be 
checked against each other before use. 

7. Tashiro’s reagent (see p. 43). 

Principles.—The proteins of whole blood, serum, or plasma 

are precipitated by tungstic acid and removed by filtration. In 
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the protein-free filtrate the nitrogen compounds are digested by 
heating with sulphuric acid, ammonium sulphate being the principal 
end-product :— 


2(NH,) X + 2H,SO, = (NH,).SO, + non-nitrogenous SO, 


Potassium sulphate is included in the digestion mixture in order 
to raise the boiling-point. Phosphoric acid may be used for the 
same purpose. The copper sulphate acts as a catalyst. Some 
workers recommend selenium dioxide or hydrogen peroxide as 
catalytic agents. 

Digestion being complete, the ammonium sulphate is decomposed 
by the addition of strong alkali, ammonia being liberated :— 


(NH,),SO, + 2NaOH = Na,SO, + 2NH, + 2H,O 
The ammonia is removed by steam distillation into an excess of 


standard acid, the excess being subsequently determined by titration 
with standard alkali :— 


(1) H,SO, + 2NH, = (NH,),S0, 
(2) H,SO, + 2NaOH = Na,SO, + 2H,O 


Calculation.—As shown in the equation 
H,SO, + 2NH; = (NH,),SO, 
2000 ml. of N/1 acid = 2(14 + 3) g. of ammonia. 
Hence 1 ml. of N/100 acid = 0-14 mg. of ammonia-N. 


In the estimation, 14 ml. of blood filtrate (= 1-4 ml. blood) are 
used, therefore the amount of ammonia-N derived from 1-0 ml. 
of blood and distilled into 30 ml. of standard acid 


= (30 — titration fig.) x 0-14 mg. 
100 ml. of blood therefore contain :-— 


(30 — titr. fig.) x 0-14 x 4 


= (30 — titr. fig.) x 10 mg. of nitrogen. 


Technique.—The apparatus (Fig. 2) consists of a small Kjeldahl 
flask through the neck of which passes a steam delivery tube, reaching 
almost to the bottom of the flask and bent so that when the flask 
is inclined at an angle of 45° the tip dips below the level of the 
contents. The distillation flask is of about 2 litres capacity. It is 


EXAMINATION OF BLOOD 47 


advisable to include a trap to prevent condensed moisture running 
into the Kjeldahl flask. All parts of the apparatus must be of 
hard glass. 

In a pyrex (or silica) boiling tube place :—14-0 ml. of protein- 
free filtrate, 3-0 ml. sulphuric acid, 0-15 g. potassium sulphate, 
0-15 g. copper sulphate, a glass bead or silica chip. 


















































Fig. 2.—Kjeldahl apparatus (Pregl’s modification) for estimation of blood non- 
; protein nitrogen. 


Mix thoroughly and digest over a small flame until the mixture 
is clear. ‘This takes about thirty minutes. After clearing, continue 
the heating for a further thirty minutes. Cool the tube and its 
contents by immersion in a vessel of cold water, then add about 
4-0 ml. of ammonia-free distilled water, mix and pour into the 
Kjeldahl flask through the funnel. Wash the digestion tube out 
with further portions of distilled water, which likewise pour into the 
flask. 

Into the receiving flask below the vertical condenser, measure 
30 ml. of N/100 sulphuric acid and a few drops of 'Tashiro’s indicator. 
Make sure that the tip of the delivery tube from the condenser 
dips below the surface of the acid. 
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Connect up the steam generator, and when the water is boiling 
vigorously, close the clip of the steam trap. Through the funnel 
pass 10 ml. of 40 per cent sodium hydroxide. 

Steam distil for twenty minutes, then lower the flask containing 
the standard acid and wash the outside of the delivery tube with 
a few millilitres of distilled water; continue the distillation for 
two or three minutes longer in order to wash the inside of the 
tip of the delivery tube free from acid. 

Titrate the excess acid in the distillate with N/100 sodium 
hydroxide. 

Blank.—In order to compensate for traces of ammonia in the 
reagents, a blank test, in which water is used in place of blood, is 
performed prior to each series of N.P.N. estimations. Perform 
the blank upon 20 ml. of a mixture consisting of 18 ml. of water, 
and 1 ml. each of tungstate and acid, the digestion and other steps 
in the procedure being exactly as described above. The value of 
the blank, which should not exceed 0-25 ml. of N/100 sodium 
hydroxide, is subtracted from the titration figure obtained in the 
actual experiment. The final calculation therefore becomes :— 


(30 — (back titr. — blank)) « 0-14 x a4 
= (30 — (back titr. — blank)) x 10 mg. nitrogen per 100 ml. 
of blood. 


KJELDAHL AND NESSLERIZATION 


Reagents required.— 

1. Digestion mixture: To 50 ml. of 5 per cent copper sulphate 
solution add 300 ml. of 85 per cent of phosphoric acid. Mix, 
then add slowly 100 ml. of concentrated nitrogen-free sulphuric 
acid. Keep well stoppered in an ammonia-free atmosphere. For 
use, dilute with an equal volume of water, sufficient for immediate 
needs. 

2. Nessler’s reagent: See p. 40. 

3. Stock standard ammonium sulphate solution: Dissolve 
0-4716 g. of ammonium sulphate (A-R) in 1 litre of ammonia-free 
distilled water. 

4. Working solution: Dilute the stock standard solution 1 in 10 
with distilled water. 1-0 ml. of the working standard contains 
0-01 mg. of nitrogen. 

Technique.—Transfer 1:0 ml. of a tungstic acid filtrate 
(= 0:1 ml. of blood) to a pyrex tube graduated at 7-0 ml. and at 
10:0 ml. The tube should be thoroughly dry or rinsed with alcohol 
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immediately before use. Add 0:2 ml. of digestion mixture and a 
silica chip to prevent bumping. Boil vigorously over a micro- 
burner until dense white fumes fill the tube, then reduce the size 
of the flame so that the mixture is just perceptibly boiling, and 
cover the mouth of the tube with a watch-glass to minimize loss 
by evaporation. Continue heating until the fluid clears, and in 
any case for not less than two minutes. Clearing generally occurs 
in less than one minute. Allow to cool, then add 4-0 ml. of water. 
When the tube is quite cold dilute to the 7-0 ml. mark and add 
3-0 ml. of Nessler’s reagent. 

The Standard.—Measure 3-0 ml. of the working solution into a 
test-tube graduated at 7-0 ml. and at 10-0 ml. Add 0-2 ml. of diges- 
tion mixture to adjust the acidity to a point approximating to that 
of the unknown solution. Dilute to 7-0 ml. with water and add 
3-0 ml. of Nessler’s reagent. 

(Nesslerization of the standard and unknown solutions should 
be carried out simultaneously.) 

Compare in the colorimeter with the unknown solution set at 
a depth of 30 mm. The reading of the standard gives the result 
in mg. of nitrogen per 100 ml. of blood. 

Calculation.—3-0 ml. of the standard solution contain :— 


471-6 2 3 u 28 
1000 10 = 132 


Therefore 100 ml. of blood contain :— 


= 0-03 mg. of nitrogen. 





a x 0-03 x at == < 30 mg. of nitrogen. 
IODOMETRIC 


Reagents required.— 

1. Deproteinizing solution (modified Abrahamson’s reagent) : 
Dissolve 4-48 g. of sodium tungstate, 2-0 g. of sodium citrate, and 
6-4 g. of sodium sulphate in about 500 ml. of water ; add 44:8 ml. 
of 1-0 N sulphuric acid and 2:0 g. of cadrnium sulphate and dilute 
to | litre with water. 

2. De-aminating solution: The following are required :— 

a. Boric acid solution: Dissolve 84:5 g. boric acid and 15-6 g. 
of sodium hydroxide in about 500 ml. of water and boil for thirty 
minutes. Cool, and dilute to | litre. 

b. Sodium fluoride solution, saturated aqueous solution: Add 
about 5-0 g. of sodium fluoride to 100 ml. of water, mix thoroughly 
and allow to stand for a day or two. 

c. Sodium hydroxide, 27-0 per cent in water. 
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d. Bromine solution: Dissolve 32:0 g. of potassium bromide 
and 2-8 g. of potassium bromate in about 500 ml. of water ; add 
100 ml. of 1-0 N sulphuric acid and allow to stand for thirty minutes. 


Dilute to 1-0 litre. 
The de-aminating solution is prepared immediately before use 


by mixing :-— 


(a) 5 parts—for one estimation, 6-0 ml. 


(0) 3 ” ” ” ” 3°6 ”» 
(c) 1 part ” ” ” 1-2 ” 
(d) ] ”» »” ” ” 1:2 ” 


For measuring the bromine solution use either a burette or a pipette 
with a bulb teat. If desired, the mixture of (a), (b), and (c) may 
be prepared in bulk, and the bromine added immediately before 
use. The completed reagent is very unstable. 

3. Sodium thiosulphate N/200: Prepared freshly before use by 
dilution of a stock N/10 solution. 

4, Potassium iodide crystals. 

5. Hydrochloric acid, 5N: Prepared by diluting concentrated 
hydrochloric acid with an equal volume of water. The strength 
need not be checked. 

6. Soluble starch, 0-25 per cent solution. 

Principle.—Alkaline hypobromite-boric acid solution is added 
to a protein-free filtrate, and the excess bromine is titrated iodo- 
metrically. Boric acid in the de-aminating solution prevents 
reaction between the bromine and glucose. Urea and all other 
amino compounds are estimated. Indole compounds do not 
interfere. 

Technique.—Pipette 5-0 ml. of deproteinizing solution into a 
centrifuge tube, and wash in 0-1 ml. of blood from a micro-pipette. 
After five minutes, centrifugalize or filter. Place 4-0 ml. of centri- 
fugate or filtrate into a wide boiling tube or small flask and add 
5:0 ml. de-aminating solution. 

Blank.—Into a similar vessel place 4-0 ml. of deproteinizing 
solution and 5-0 ml. of de-aminating solution. 

To each add a few crystals of potassium iodide and 2-5 ml. of 
5N hydrochloric acid. Allow to stand for a few minutes, then 
titrate both with N/200 thiosulphate. 

From the ‘ blank’ titration subtract the volume of thiosulphate 
used in the ‘actual’ titration and multiply by 29-75. The result 
is in mg. of nitrogen per 100 ml. of blood. 

Calculation.—The sequence of reactions is :— 


(1) De-amination CO(NH,), + 2NaOH = 2NH, + Na,CQ, 
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(2) Combination of ammonia with bromine 
2NH;, + 6Br = 6HBr + N, 


(3) Liberation of iodine from potassium iodide by residual 
bromine, i.e., bromine which did not combine with ammonia in 


equation (2). 
2KI + Br, = 2KBr + I, 


One atom of nitrogen is therefore equivalent to three atoms of 
bromine, and also three atoms of iodine. 
Therefore 1-0 ml. of N/200 thiosulphate is equivalent to 


14 


Raton = 0:0233 mg. of nitrogen. 


As the 4:0 ml. of protein-free filtrate contained the nitrogen from 
4-0 
50-01 0:0784 ml. of blood, the final calculation becomes :— 


-02 a as en z 
0-0233°>< 0-0784 29-75 


This figure, multiplied by the difference between the two titrations 
gives the result in mg. per 100 ml. of blood. 

To simplify the calculation, the following variation may be 
employed : Use N/233 N-thiosulphate, of which 1-0 ml. = 0-02 mg. 
of nitrogen. 

Use 0:2 ml. of blood and 9-8 ml. of deproteinizing solution ; 
then 5-0 ml. of filtrate = 0-1 ml. of blood. The difference between 
the two titrations may then be multiplied by the factor 

100 
0-02 x a re 20 

Interpretation.—The non-protein nitrogen of blood amounts 
to 1-0 per cent to 2:0 per cent of the total blood nitrogen, the 
remainder being in the form of protein nitrogen. The usual 
range is from 27 mg. per 100 ml. to 45 mg. per 100 ml. of blood, 
with an average of 35 mg. per 100 ml. Under the heading ‘ N.P.N.’ 
are included a number of substances, not all of which are of clinical 
importance, whilst the nature and significance of some are still 
undetermined. These substances, grouped together as the ‘ rest- 
nitrogen’, constitute 10 to 50 per cent of the total non-protein 
nitrogen, representing a range of from 4 to 18 mg. per 100 ml. of 
blood, with an average of 11 mg. The rest-nitrogen is largely a 
physiological variable, most of it being contained within the 
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corpuscles, and fluctuating according to red-cell count and diet. 
It thus contributes little to the increase in total non-protein nitrogen 
which occurs in nitrogen retention. 

The non-protein nitrogen level is most affected by the blood- 
urea nitrogen, as the latter constitutes about half of the total non- 
protein nitrogen (10 to 25 mg. per 100 ml., with an average of 
17 mg.). In chronic nephritis and in the terminal stages of acute 
nephritis the non-protein nitrogen is usually increased, but may 
be not markedly so, even in the presence of clinical evidence of 
uremia. From the point of view of prognosis, repeated estimations 
are of greater significance than is the result of an isolated estimation. 

On the whole, non-protein nitrogen estimations in renal disease 
are of less value than the estimation of the blood-urea, the latter 
having a wider amplitude of variation, and it is, moreover, a single 
substance of known composition and metabolic significance, whereas 
the non-protein nitrogen is a complex mixture. The only exception 
to this general rule is in eclampsia, in which condition the blood- 
urea is either normal or subnormal, the non-protein nitrogen at 
the same time being increased as a result of an increase in the rest- 
nitrogen fraction. Disordered protein metabolism giving rise to 
toxic products may be the cause of this phenomenon. 


ESTIMATION OF BLOOD URIC ACID 


Specimen required.—5-0 ml. of heparinized or oxalated blood ; 
citrated blood should not be used as citrate interferes with the 
colour development. Serum may be used in place of plasma, but 
in this case stringent precautions must be taken to avoid hemolysis. 

Reagents required.— 

1. Sodium cyanide solution: Dissolve 12:0 g. of pure sodium 
cyanide in water and dilute to 100 ml. Store in the refrigerator. 
The solution tends to deteriorate rapidly and should not be used 
after about two weeks. 


Sodium cyanide is extremely poisonous and must be 
handled with great care, and measured with a burette. 


2. Urea solution: Dissolve 50 g. of urea in water and dilute 
to 100 ml. The solution is stable indefinitely at room temperature. 

3. Uric acid reagent: Dissolve 100 g. of sodium tungstate and 
20 g. of anhydrous disodium hydrogen phosphate in about 175 ml. 
of water with the aid of heat. Add 100 ml. of 25 per cent sulphuric 
acid (freshly prepared and still warm), and reflux gently for one 
hour. Cool, and transfer, with washings, to a 1 litre volumetric 
flask. Mix and store in a cool place. 
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4. Uric acid standard (Stock solution): Transfer 1-0 g. of uric 
acid to a |-litre volumetric flask and add 150 ml. of a freshly pre- 
pared 0-4 per cent solution of lithium carbonate heated to a 
temperature of about 60°C. Shake to dissolve the uric acid 
promptly, with the aid of gentle heat (under a running hot-water tap). 
The uric acid should be completely dissolved within five minutes. 
Cool immediately by holding under cold running water and add 
20 ml. of pure 40 per cent formaldehyde solution. Half fill the 
flask with water, then add, slowly and with constant agitation, 
25 ml. of N/1 sulphuric acid. Dilute to 1 litre with water. The 
solution keeps indefinitely if stored in a tightly stoppered bottle 
protected from the light. 

5. Uric acid standard (Working solution): Dilute the stock 
solution 1 in 400 with water. 2-0 ml. of the working standard 
contains 0-005 mg. of uric acid, and will keep for several days in 
the refrigerator. 

Principles.—The presence in the red corpuscles of substances 
which interfere with the development of the colour in the colori- 
metric estimation of uric acid leads to inconstant results if whole 
blood is used. Serum or plasma is essential. The actual nature 
of the final coloured compound formed by the reduction of phospho- 
tungstic acid is uncertain, though it is probable that lower oxides 
of tungsten, analogous to similar oxides of molybdenum (see p. 86), 
are responsible for most of the colour. 

Technique.—Owing to the tendency of uric acid to be precipi- 
tated by acids, special precautions need to be taken in the preparation 
of the protein-free filtrate. The author recommends the following 
method: Take two similar test-tubes, into one measure 4:0 ml. 
of water, 0-5 ml. of 10 per cent sodium tungstate, and 1-0 ml. of 
serum or plasma. Into the second tube measure 4-0 ml. of water 
and 0:5 ml. of 2/3 N sulphuric acid. Mix the contents of the 
two tubes by pouring back and forth rapidly four or five times. 
Allow to stand for ten minutes then either centrifugalize or filter. 

To a test-tube or cylinder graduated at 10-0 ml. transfer 2-0 ml. 
of protein-free filtrate. To a second, similar tube or cylinder transfer 
2-0 ml. of standard uric acid solution. To each add from a burette 
2:0 ml. of sodium cyanide solution. Mix by lateral shaking, then 
add to each 2-0 ml. of urea solution. Mix, then to each add 1-0 ml. 
of uric acid reagent. Mix thoroughly and stand at room temperature 
for fifty minutes. Dilute to 10-0 ml. with water, stopper the tubes, 
mix by inversion, and read in the colorimeter with the Unknown 
set at a depth of 25 mm. 

Calculation.—The stock uric acid standard contains 1-0 mg. 
of uric acid per 1:0 ml. The working standard, prepared by 
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diluting the stock solution 1 in 400 contains 0-0025 mg. per 1-0 ml. 
2:0 ml. therefore contain 0-005 mg. of uric acid. 

2:0 ml. of protein-free filtrate were used, derived from 0-2 ml. 
of serum. 


S 
Therefore 0:2 ml. of serum contains — x 0-005 mg. uric acid. 


U 


100 ml. of serum contain : x 0-005 x a mg. uric acid. 

If the depth of the Unknown is set at 25 mm., the reading of the 
Standard, divided by 10, gives the result in mg. of uric acid per 
100 ml. of serum. 

Note: The use of urea in the technique is somewhat empirical— 
it has the property of preventing the formation of an insoluble 
precipitate of uncertain composition, which would otherwise cause 
turbidity in the final coloured solution. 


BENEDICT’S DIRECT METHOD 

The method previously described has the disadvantage that 
unless the plasma is absolutely free from the products of hzmolysis, 
uric acid values will be high on account of the presence of thioneine 
in the filtrate. The error may be as great as 0-5—1-5 mg. per 100 ml. 
To overcome this difficulty the following method has been devised, 
and is based upon the fact that when silver chloride is precipitated 
from a highly acid solution containing uric acid and thioneine, the 
latter is carried down with the precipitate, leaving uric acid in 
solution. 

Reagents required.— 

1. Arseno-tungstic colour reagent: Dissolve 100 g. of sodium 
tungstate in about 600 ml. of water in a 1-litre flask. In the following 
order add 50 g. of arsenic pentoxide, 25 ml. of 85 per cent phosphoric 
acid, and 20 ml. of concentrated hydrochloric acid. Boil the mixture 
for twenty minutes, cool and transfer quantitatively to a 1-litre 
volumetric flask. Dilute to the mark with water. The solution is 
stable indefinitely. 

2. Sodium cyanide solution: Dissolve 5-0 g. of sodium cyanide 
in water, add 0-2 ml. of concentrated ammonia and dilute to 100 ml. 
with water. This solution appears to improve after keeping for 
two or three weeks, but is unstable and should not be used if more 
than six weeks old. 

3. Acid lithium chloride solution: Dissolve 3-0 g. of lithium 
chloride in water, add 20 ml. of concentrated hydrochloric acid 
and dilute to 1 litre. 

4. Silver nitrate, 11-6 g. per cent aqueous solution. 
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5. Standard uric acid (Stock solution): Dissolve 9-0 g. of 
disodium hydrogen phosphate and 1-0 g. of sodium dihydrogen 
phosphate in about 250 ml. of water with the aid of heat. If not 
clear, filter, and dilute to 500 ml. with hot water. 

Transfer 0-2 g. of uric acid to a 1-litre volumetric flask and add 
the hot phosphate solution. Mix until the acid is completely 
dissolved and add exactly 1-4 ml. of glacial acetic acid, dilute to 
the mark and mix. A few ml. of chloroform may be added to 
prevent the growth of moulds. 1-0 ml. contains 0-2 mg. of uric 
acid. 

6. Standard uric acid (Working solution): Measure 2:0 ml. of 
the stock solution into a 100-ml. volumetric flask, dilute to 80 ml. 
with water, add 1:0 ml. of concentrated hydrochloric acid, and 
dilute to the mark with water. 5-0 ml. contains 0-02 mg. of uric 
acid. 

Technique.—Prepare a tungstic acid filtrate by the method 
described in the previous section on the estimation of uric acid. 

Transfer 5-0 ml. of filtrate to a centrifuge tube, and add 2-5 ml. 
of acid lithium chloride solution. Mix by inversion and add 2:5 ml. 
of silver nitrate solution. Stopper the tube securely and shake to 
mix. Centrifugalize for five minutes at 3000 r.p.m. and transfer 
all of the supernatant fluid to another tube. 

Into another tube measure 5-0 ml. of uric acid standard solution, 
and 5-0 ml. of water. 

To each tube add 5-0 ml. of cyanide solution and 1-0 ml. of 
arsenotungstic colour reagent. Mix at once by inversion and 
place the tubes in a boiling water-bath for three minutes. Stand 
at room temperature for two minutes, then compare in the colori- 
meter whilst still warm. 

Set the Unknown at a depth of 20 mm. 

Calculation.—5-0 ml. of uric acid standard contain 0:02 mg. 
of uric acid. 

5-0 ml. of blood filtrate are derived from 0-5 ml. of blood. 


S se! 
Therefore 0:5 ml. of blood contains ra x 0:02 mg. of uric acid. 


100 


BBS 
100 ml. of blood contain u x 0:02 x 0-5 


=< < 4 mg. of uric acid. 


If the depth of the Unknown is set at 20 mm., then the reading 
of the Standard, divided by 5, gives the result in mg. of uric acid 
per 100 ml. of blood. 


5 
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Interpretation.—As an aid to diagnosis and prognosis in 
nephritis, uric acid determinations are probably not reliable, though 
this is a matter upon which opinions vary. In gout, high values— 
up to 10 mg. per 100 ml.—are only found during attacks, and in 
this condition the picture may be obscured by intercurrent renal 
impairment. 

The elevated values found in leukemia and some cases of 
myeloma are due to excessive cell production and metabolism of 
nuclear material. 


ESTIMATION OF BLOOD-GLUCOSE 
METHOD OF FOLIN AND WU 


Specimen required.—1-0 ml. of blood is preferred for the 
actual estimation, though 0-5 ml. may be used equally well ; there- 
fore the volume available should be somewhat more than twice 
that which it is intended should be used. 3-0 ml. is a convenient 
amount, and may be collected into tubes or bottles prepared with 
the requisite amount of oxalate/fluoride mixture (see p. 31). 

Reagents required.— 

1. Alkaline copper tartrate solution : Dissolve 40 g. of anhydrous 
sodium carbonate in a 1|-litre flask in about 700 ml. of water. Add 
7:5 g. of tartaric acid, and when completely dissolved add 4-5 g. 
of pure copper sulphate (crystalline) dissolved in about 100 ml. 
of water. Make up the volume to 1 litre with water. The solution 
appears to keep indefinitely, though after standing for some time 
a sediment usually forms which does not impair the quality of the 
reagent. The solution may be cleared by filtration, or the clear 
‘supernatant fluid may be decanted. 

2. Phosphomolybdic acid solution: Dissolve 35 g. of molybdic 
acid and 5 g. of sodium tungstate in 400 ml. of 5 per cent sodium 
hydroxide solution in a 1-litre beaker. Dispel ammonia by boiling 
vigorously for about half an hour, after which cool the mixture 
and transfer it to a 500-ml. volumetric flask, washing it with 
sufficient water to make the volume up to about 350 ml. Add 
125 ml. of 85 per cent phosphoric acid and make up the volume 
to 500 ml. with water. 

3. Glucose standard solution (Stock 1 per cent): The solvent 
is saturated aqueous benzoic acid, which is prepared by dissolving 
2:5 g. of the pure acid in 1 litre of boiling water. In this solution, 
dissolve 1-0 g. of pure dextrose, and make up the volume to 
100 ml. 

4. Glucose standard solution (Working standard): Dilute the 
stock solution 1 in 100 with saturated benzoic acid. 1-0 ml. of 
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‘this dilute solution contains 0-1 mg. of glucose. If a high blood- 
sugar is anticipated, prepare a second standard containing 0-2 mg. 
per 1:0 ml. In some cases even stronger standards are required. 

Principles.—Various modifications of the original method of 
Folin and Wu have been advocated from time to time, most of them 
being designed to employ smaller volumes of blood. The method 
makes use of the fact that at boiling-point the aldehyde radical of 
the glucose molecule is oxidized by the weak oxidizing agent cupric 
sulphate (or tartrate) in the presence of sodium carbonate, sodium 
gluconate being formed by combination of the resulting gluconic 
acid and the’ sodium carbonate, whilst at the same time the cupric 
sulphate is reduced to cuprous oxide :— 


4CuSO, + 2(—CHO) + 5Na,CO, 
= 2Cu,0 + 2(—COONa) + 4Na,SO, + 5CO, + H,O 





Fig. 3.—Folin’s blood-sugar tube. The graduation at 12-5 is intended for use if 
1-0 ml. of filtrate and standard solution are used instead of 2:0 ml. 


The blue compound, formation of which is the basis of the method, 
is the product of interaction between cuprous oxide and molybdic 
acid, and consists of a mixture of colloidal lower oxides of molyb- 
denum, chiefly Mo,0;;MoO, (molybdenum blue). 


Cu,O + 9H,MoO, = Mo,0, + Mo,0; + Mo,0;-MoO, 
+ 2CuMoO, + 9H,O + 20, 


Technique.—Measure 2-0 ml. of a tungstic acid filtrate and 
2-0 ml. of alkaline copper tartrate solution into a Folin blood-sugar 
tube graduated at 25 ml. (Fig. 3). Label this tube ‘ U’. 

Into a similar tube measure 2:0 ml. of standard glucose solution 
containing 0-1 mg. of glucose per 1-0 ml. Add 2:0 ml. of alkaline 
copper tartrate solution. Label this tube ‘S’. 
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Place both tubes in a vigorously boiling water-bath for exactly six 
minutes. Remove and place in a vessel of cold water for a few 
minutes to cool. To each tube add 2:0 ml. of phosphomolybdic 
acid reagent. When evolution of gas has ceased, dilute the contents 
of both tubes to 25 ml. with water, and invert two or three times 
to mix. Compare in the colorimeter with the Unknown set at 
a depth of 20 mm. 

Calculation.—The Standard contains 0-2 mg. of glucose. 2-0 ml. 
of protein-free blood filtrate are derived from 0:2 ml. of blood. 


S 
Therefore 0-2 ml. of blood contains U x 0-2 mg. of glucose. 


wee 100 
100 ml. of blood contain U =. 0:2 7 


S 
= * 100 mg. of glucose. 

With the Unknown set at a depth of 20 mm., the factor becomes :— 

S x 5 mg. of glucose per 100 ml. of blood. 

When blood-sugar values in excess of 150 mg. per 100 ml. of 
blood are encountered, it is necessary to use either a stronger 
standard or less than 2:0 ml. of protein-free filtrate. ‘The result 
is then multiplied by the appropriate factor. 

Most Folin tubes are graduated also at 12-5 ml. This graduation 
may be employed by using 1-0 ml. of filtrate and 1-0 ml. of standard 
solution, plus in each case 2:0 ml. of alkaline copper tartrate, and 
finally diluting to 12-5 ml. The calculation is the same as that 
given above. 


METHOD OF HAGEDORN AND JENSEN 


Specimen required.—Either the fluoride/oxalate method of 
collecting blood described under the previous method may be used 
or capillary blood. As only 0-1 ml. of blood is required the latter 
is very often preferable, particularly if venous blood is difficult to 
obtain, or for the purpose of a glucose-tolerance test. The blood 
is measured into a micro-pipette, the outside wiped clean, and 
the contents transferred direetly into the deproteinizing solution. 

Reagents required.— 

1. N/10 sodium hydroxide. 

2. 0-45 per cent zinc sulphate (ZnSO,-7H,O) in water. 

3. Alkaline potassium ferricyanide : Dissolve 1-65 g. of potassium 
ferricyanide and 10-6 g. of fused potassium carbonate in water and 
make up the volume to one litre. The solution is fairly stable if 


kept in a brown glass bottle in the dark, with the stopper covered 
by a dust-cap. 
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4. Sulphate-chloride-iodide mixture: Dissolve 10-0 g. of zinc 
sulphate and 50-0 g. of sodium chloride in water and make up the 
volume to 200 ml. This mixture is very stable. Before use, add 
1-0 g. of potassium iodide to 40 ml. of the mixture. The complete 
reagent will not keep for more than a day or two, the potassium 
iodide rapidly oxidizing, with the liberation of iodine. 

5. 3-0 per cent acetic acid: Dilute 3-0 ml. of glacial acetic acid 
to 100 ml. with water. 

6. Soluble starch: The stock 2-0 per cent solution described 
for the determination of the diastatic index of urine (see p. 136) is 
suitable. 

7. N/200 potassium (or sodium) thiosulphate: Prepare this 
solution freshly each time it is required by dilution of a stock N/10 
solution. The stock N/10 solution should be checked periodically 
as it is not stable indefinitely. 

The reagents must be of the highest purity. The ferricyanide 
should be recrystallized from boiling distilled water and dried in a 
hot air oven at a temperature of 50° C. The following check may 
be made :— 

Mix 3-0 ml. of the sulphate-chloride-iodide solution, 2:0 ml. of 
3-0 per cent acetic acid, and two drops of soluble starch solution. 
No colour should be obtained. The addition of 0-01 ml. of alkaline 
ferricyanide solution should result in the appearance of a faint but 
definite blue colour, which is discharged by the addition of not 
more than 0-05 ml. of N/200 thiosulphate solution. 

Principles.—The blood-proteins are precipitated by zinc 
hydroxide, a measured volume of blood being added to a mixture 
of sodium hydroxide and zinc sulphate :— 


2NaOH + ZnSO, = Zn(OH), + Na,SO, 


After removing the precipitated proteins by filtration, the filtrate 
is treated with potassium ferricyanide in alkaline solution, when 
some of the ferricyanide is reduced by the glucose in the filtrate, 
potassium and sodium ferrocyanide being formed. (These salts 
take no further part in the estimation.) 


4K,Fe(CN), + 3Na,CO; + 2(—CHO) 
= 3K,Fe(CN), + Na,Fe(CN), + 2(—COONa) + 3CO, + H,O 
On the addition of potassium iodide and acetic acid, iodine is 
liberated by the residual potassium ferricyanide :— 
2K,Fe(CN), + 2KI = 2K,Fe(CN), + I, 


Re-oxidation of the potassium ferrocyanide in the above equations 
is prevented by the presence of zinc sulphate, which combines 
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with the ferrocyanides as soon as they are formed (i.e., their forma- 
tion is inhibited) :— 


2K,Fe(CN), + 3ZnSO, = K,Zn,(Fe(CN),)2 + 3K,SO, 


The amount of iodine liberated is proportional to the amount of 
potassium ferricyanide which escaped reduction by the glucose in 
the blood filtrate, and is consequently inversely proportional to the 
amount of glucose. 

In the ‘ blank’, the iodine liberated is proportional to the total 
ferricyanide used, minus a negligible amount reduced by impurities 
in the reagents. The difference between the ‘ actual’ estimation 
and the amount of glucose represented by the ‘ blank’ is a measure 
of the glucose in the blood filtrate. 

Technique.—From a micro-pipette, add 0-1 ml. of blood to a 
mixture of 5-0 ml. of 0:45 per cent zinc sulphate and 1-0 ml. of 
N/10 sodium hydroxide. Place the tube in a boiling water-bath 
for three minutes. Whilst still hot, filter the mixture into a wide 
boiling tube, the last traces of glucose being saved from loss by 
washing out the test-tube twice with about 3-0 ml. of water, heating 
for a minute or two, and filtering into the boiling tube through 
the same paper. At the same time prepare the ‘ blank’ by mixing 
5-0 ml. of 0-45 per cent zinc sulphate and 1-0 ml. of N/10 sodium 
hydroxide, heating and filtering exactly as for the blood filtrate. 

Add 2:0 ml. of alkaline potassium ferricyanide solution to both 
tubes, which are then placed in a boiling water-bath for fifteen 
minutes. After cooling, to each tube add 3-0 ml. of sulphate- 
chloride-iodide solution and 2-0 ml. of 3:0 per cent acetic acid. 
Allow the tubes to stand for two or three minutes, then titrate 
with N/200 potassium thiosulphate solution, using soluble starch 
as indicator. 

It is advisable to titrate the ‘ blank’ first. The ‘ blank’ titration 
should not be less than 1-9 ml. of thiosulphate—it is usually 1-95 ml. 
If it is more than 2-0 ml. it is possible that an error has been made 
in measuring the ferricyanide solution, or in the preparation of the 

//200 thiosulphate, in which case the entire procedure must be 
repeated. : 

From the table on p. 61 read off the glucose value to which the 
‘ blank’ titration corresponds, and subtract this from the glucose 
value for the ‘actual’ estimation. The result gives the mg. of 
glucose per 100 ml. of blood. 

Interpretation.—The range of normality revealed by blood- 
glucose estimations depends to a great extent upon the technique 
employed—for the Folin-Wu method 90-120 mg. per 100 ml. of 
blood is usually accepted as normal, though in the author’s 
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experience figures in excess of 105 mg. are very rare. The 
Hagedorn-Jensen method gives figures which are appreciably lower 
—75-105 mg. per 100 ml. of blood, and probably more closely 
approximate to the ‘true’ glucose range. 

High values of the order of 150-250 mg. per 100 ml. are 
encountered in mild diabetes—in its severe forms the condition 
may result in blood-sugar values as high as 1000 mg. per 100 ml. 
Hyperthyroidism, certain hepatic conditions, pancreatic disease, 
and severe nephritis may also be associated with hyperglycemia. 

Low blood-sugar levels may be found in myxcedema, Addison’s 
disease, and hypopituitarism. 
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ESTIMATION OF TOTAL BLOOD-CHOLESTEROL 


Specimen required.—Oxalated or clotted blood of a volume 
sufficient to provide at least 1-0 ml. of plasma or serum. 

Reagents required.— 

1. Alcohol-ether : Mix three volumes of redistilled ethyl 
alcohol with one volume of redistilled ethyl ether. Keep in a 
tightly stoppered bottle. 

2. Chloroform, redistilled. 

3. Acetic anhydride. 

4, Sulphuric acid, concentrated. 


62 TECHNIQUES IN CLINICAL CHEMISTRY 


5. Cholesterol standard (Stock solution): Dissolve 320 mg. of 
pure cholesterol in chloroform and dilute to 100 ml. 

6. Cholesterol standard (Working solution): Dilute the stock 
solution 1 in 20 with chloroform. 5-0 ml. of the dilute solution 
contain 0-8 mg. of cholesterol. 

It is essential that all reagents be of the highest purity. 

Principles.—The alcohol-ether soluble constituents of blood- 
serum or plasma are separated and redissolved in chloroform. 
The chloroform solution is then subjected to the Liebermann- 
Burchard reaction, the resulting colour—assumed to be due to 
cholesterol—being compared with a similarly treated solution of 
pure cholesterol of known strength. The formation of the blue- 
green halochromic salts by combination of cholesterol and its esters 
with acetic anhydride in the presence of sulphuric acid (the 
Liebermann-Burchard reaction) is characteristic of the unsaturated 
sterols and is not specific for cholesterol. For clinical purposes, 
however, it may be assumed that the reaction upon blood extracts 
is due mainly to cholesterol. 

Cholesterol, C,,H,,OH, occurs in the blood as the free sterol 
and in the form of its esters. A number of techniques have been 
designed to estimate free and ester cholesterol separately, though 
whether the additional work involved is justifiable for clinical 
purposes is debatable. It is noteworthy that the colour given by 
free cholesterol differs slightly from that given by cholesterol-esters, 
both in quality and in density. The use of a Wratten No. 1 (red) 
filter compensates to a large extent for the difference in tint between 
the standard and the unknown when free and ester cholesterol are 
estimated together. However, the positive error introduced by the 
fact that the esters give rise to a greater intensity of colour can 
only be overcome by a process of saponification prior to the 
application of the reaction (see next section). The author, in 
unpublished experiments, has shown that the error caused by 
the presence of cholesterol in the ester form may be as high 
as —- 10 per cent. 

Widely differing figures have been quoted as representing the 
normal range of blood-cholesterol, which appears to indicate that 
none of the published techniques is entirely satisfactory. The 
following procedure has given readily reproducible results in the 
author’s hands, and has the advantages of speed, ease of application, 
and requiring no relatively complicated apparatus such as extraction 
units, etc. ‘Total unsaturated sterols are estimated, and, expressed 
as cholesterol, the normal range appears to lie between 200 and 
250 mg. per 100 ml. of blood. Further details upon this point will 
be given at the end of this section. 
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Technique.—Add 1-0 ml. of serum or plasma, drop by drop, 
and with constant rotatory mixing, to about 15 ml. of alcohol-ether 
in a 25-ml. volumetric flask. The proteins are thereby precipitated 
and the alcohol-ether-soluble compounds extracted in one opera- 
tion. Hold the flask on the surface of boiling water until the 
mixture boils, bumping being prevented by constantly swirling 
the flask. When the boiling-point is reached, hold the flask in the 
steam for about thirty seconds, then cool it by placing in a vessel 
of cold water. Make up the volume to 25 ml. with the alcohol-ether 
mixture and mix thoroughly. Filter off the precipitated proteins 
and measure 10-0 ml. of the filtrate into a wide boiling tube. 
Evaporate to dryness in a boiling water-bath, then allow the tube 
to cool. Redissolve the extracted material by adding 5-0 ml. of 
chloroform, and cover the mouth of the tube to minimize evapora- 
tion. Allow to stand for about fifteen minutes to ensure complete 
solution. 

Add 1-0 ml. of acetic anhydride and 0-1 ml. of sulphuric acid, 
and stand the tube at room temperature protected from direct 
light for fifteen minutes to allow the maximum colour to develop. 

Standard.—At the same time, treat 5-0 ml. of working standard 
cholesterol solution with 1-0 ml. of acetic anhydride and 0-1 ml. of 
~ sulphuric acid and allow to stand for fifteen minutes. When several 
estimations are being performed, arrange to add the sulphuric acid 
to all tubes simultaneously. 

Compare in the colorimeter with the Unknown set at a depth 
of 20 mm. 

Calculation.—5-0 ml. of standard solution contain 


320 “ a4 
20 ~=—:100 
The dilution of blood is 1 in 25, 10 ml. of the filtrate being equiva- 


= 0:8 mg. of cholesterol. 


lent to =o 0-4 ml. of serum. 


S 
0-4 ml. of serum therefore contains U < 0-8 mg. of cholesterol 


td 100 
100 ml. of serum therefore contain — x 0°8 x —— mg. 


U 0-4 
S 
= [j X 200 mg. 


If the Unknown is set at a depth of 20 mm., the reading of the 
Standard, multiplied by 10, gives the result in mg. of cholesterol 
per 100 ml. of serum. 
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THE DIFFERENTIAL ESTIMATION OF FREE 
AND ESTER CHOLESTEROL 

Reagents required.— 

1. Acetone-alcohol: Mix equal volumes of absolute ethyl 
alcohol and pure redistilled acetone in a glass-stoppered bottle. 

2. Digitonin solution: Suspend 0-4 g. of digitonin in 100 ml. of 
distilled water. A high percentage of the powder is insoluble. By 
shaking occasionally for three or four days, then filtering into a 
glass-stoppered bottle, an extract is obtained which appears to keep 
well. 

3. 10 per cent acetic acid: Dilute 10 ml. of glacial acetic acid 
to 100 ml. with distilled water. 

4. Acetone-ether: Mix one volume of redistilled acetone and 
two volumes of redistilled ether. As ether frequently contains traces 
of hydrogen peroxide which may interfere with the Liebermann- 
Buchard reaction, it is advisable to treat it with sodium sulphite 
(a few grammes per litre), wash with water in a separatory funnel, 
run off the water, and dehydrate the ether by the addition of a few 
grammes of anhydrous calcium chloride. The ‘ peroxide-free ’ 
ether so obtained should then be distilled. 

5. 50 per cent potassium hydroxide : Dissolve 50 g. of potassium 
hydroxide in water, allow to cool, and make up to a volume of 
100 ml. 

6. 1 per cent phenolphthalein : Dissolve 1 g. of phenolphthalein 
in 100 ml. of 95 per cent alcohol. 

7. Acetic acid, glacial. 

8. Acetic-anhydride-sulphuric-acid reagent: The mixture must 
be prepared freshly each time it is required as it is completely 
unstable and cannot be used if more than one hour old. To 20 ml. 
of acetic anhydride in a glass-stoppered cylinder add 1-0 ml. of 
concentrated sulphuric acid. Chill the mixture by immersion in 
iced water before use. 

9. Cholesterol standard (Stock solution): Dissolve 100 mg. of 
pure cholesterol in about 60 ml. of glacial acetic acid in a beaker 
with the aid of heat. Allow the solution to cool, then transfer, with 
washings, to a 100-ml. volumetric flask and dilute the solution to 
the mark with glacial acetic acid. If kept in the cold, this solution 
is quite stable. 

10. Cholesterol standard (Working solution): Dilute 6-0 ml. of 
the stock solution to 50 ml. with glacial acetic acid. 2-0 ml. of 
this dilute solution contain 0-24 mg. of cholesterol. 

Principles.—The principle of the method is the same as that 
described for the determination of total cholesterol in the previous 
section, the only variation being that digitonin—an alkaloid related 
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to digitalis—is used to precipitate the cholesterol before saponifica- 
tion (free cholesterol), and after saponification (total cholesterol). 
The ester-cholesterol is finally calculated by difference. Digitonin 
and cholesterol combine to form an alcohol-insoluble precipitate 
of cholesterol digitonide. Cholesterol esters are not thus precipi- 
tated; they are compounds of cholesterol and various organic 
acids, the process of saponification consisting of the freeing of 
cholesterol from the acid radicals by treatment with alkali. The 
freed cholesterol is then precipitated by digitonin. 

Technique.— Measure about 10 ml. of acetone-alcohol mixture 
into a 25-ml. volumetric flask and add 1-0 ml. of serum or plasma, 
drop by drop, with a constant circular motion in order to ensure 
adequate mixing. Heat the mixture to boiling on the surface of 
boiling water, hold in the steam for thirty seconds, then cool by 
immersion in a vessel of cold water. Make up the volume to 25 ml., 
with acetone-alcohol and filter. Into a graduated centrifuge tube 
labelled ‘ F’ measure 6-0 ml. of the filtrate, one drop of 10 per cent 
acetic acid, and 3-0 ml. of digitonin solution. Stir the mixture 
with a thin glass rod and place in an airtight vessel overnight. 

Into a second tube, labelled ‘T’, measure 3-0 ml.of the filtrate 
and three drops of potassium hydroxide solution. Stir the mixture 
with a thin glass rod until the potassium hydroxide has gone into 
solution, then place the tube, with the rod inside it, in a jar con- 
taining sand heated to a temperature of 45°C. The jar should 
be fitted with a tightly fitting cover. Place the jar in an incubator 
at a temperature of 37° C. for thirty minutes. Remove the tube 
and place it in a vessel of cold water to cool. Neutralize the contents 
of the tube by the addition of 10 per cent acetic acid, drop by drop, 
using one drop of phenolphthalein as indicator, then add one more 
drop of acid. Make up the volume to 6-0 ml. with acetone-alcohol 
mixture and add 3-0 ml. of digitonin solution. Place the tube, with 
the rod inside it, in an airtight vessel overnight. 

Centrifugalize the tubes for twenty minutes at a speed of 
3000 r.p.m., carefully decant the supernatant fluid, and invert the 
tubes on filter-paper to drain. Wash the precipitates, the sides of 
the tubes, and the rods (which have been carefully laid on a wire 
rack), with 2:0 ml. of acetone-ether mixture. 

Repeat the process of centrifugalization and washing twice more, 
using ether instead of acetone-ether mixture. Invert the tubes to 
drain and carefully wipe round the rims. Replace the rods in the 
tubes and place them in a sand-bath at a temperature of 110-1 15° CG. 
for thirty minutes to remove the last trace of water from the highly 
hygroscopic cholesterol digitonide. At the end of the period, and 
whilst the tubes are still in the sand-bath, add 2-0 ml. of glacial 
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acetic acid, the sides of the tubes being washed down by the acid. 
Allow the tubes to remain in the sand-bath for a further two 
minutes, then place them in a vessel of cold water to cool. 

Standard.—Into a third tube, labelled ‘S’, place 2:0 ml. of 
the working standard solution of cholesterol, and a stirring rod. 

To the three tubes add 4-0 ml. of the freshly prepared acetic- 
anhydride-sulphuric-acid reagent. Place the tubes in a water-bath 
at a temperature of 25° C. in the dark, and compare both Unknown 
solutions with the Standard after twenty-seven minutes. Com- 
parison should not be made after thirty-seven minutes as the 
quality of the colour rapidly deteriorates after it has reached its 
maximum intensity. 

Calculation.—Free cholesterol: 6-0 ml. of filtrate = 0-24 ml. 
of serum. 
2:0 ml. of standard contain 0:24 mg. of cholesterol. 


S 
Therefore 0-24 ml. of serum contains — x 0-24 mg. 


U 
— 100 
100 ml. of serum contain wu ™ 0:24 x 04 Me: 


If the Unknown is set at a depth of 20 mm., then 100 ml. of serum 
contain S x 5 mg. of free cholesterol. 

Total cholesterol: 3-0 ml. of filtrate = 0-12 ml. of serum. 
2:0 ml. of standard contain 0-24 mg. of cholesterol. 


Therefore 0-12 ml. of serum contains = x 0:24 mg. 


100 
0-12 °° 


If'the Unknown is set at a depth of 20 mm., then 100 ml. of 
serum contain S x 10 mg. of total cholesterol (Free plus ester). 


100 ml. of serum contain = 0-24 x 


Ester cholesterol = Total minus Free. 


Interpretation.— Opinions differ widely as to what constitutes 
the normal range of cholesterol content of the blood. Under ordinary 
circumstances a figure between 200 and 250 mg. per 100 ml. of 
blood may be expected, though the author has shown that in the 
case of healthy female subjects, interpretation may be a matter of 
extreme difficulty on account of the general endocrine disturbance 
which occurs at the time of menstruation. In some cases there is 
a rise of anything up to 100 mg. per cent, whilst in others there is 
a fall of 40-50 mg. per cent. Until this phenomenon is elucidated, 
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cholesterol values obtained for diagnostic purposes in young female 
patients must be assessed with great care. 

Under pathological conditions, cholesterol figures as high as 
600 mg. per 100 ml. of blood have been obtained in diabetes, and 
up to 3600 mg. in lipemia. High values also occur in hypo- 
thyroidism, chronic nephrosis, and biliary obstruction due to 
gall-stones. A physiological rise occurs during pregnancy. 

Hyperthyroidism and pernicious anemia are associated with low 
values—in pernicious anemia as low as 70 mg. “ie 100 mg. per 
100 ml. of blood. 

The lipid and cholesterol content of the diet has a direct influence 
upon the blood-cholesterol level. 


ESTIMATION OF SERUM-CALCIUM 


Specimen required.—Sufficient citrated or clotted blood to 
provide slightly more than 2-0 ml. of plasma or serum. The latter 
is preferable, as at least eighteen hours are required to precipitate 
the calcium from citrated plasma. Oxalated blood cannot be used. 

Reagents required.— 

1. Ammonium oxalate, saturated aqueous solution. 

2. 2:0 per cent ammonia in a mixture of equal parts of alcohol 
and ether: The use of this mixture is preferable to the aqueous 
solution generally employed, as flotation of the precipitate is less 
liable to occur. 

3. N/1 sulphuric acid: This need not be an accurate normal 
solution—acid of suitable strength may be prepared by adding 
28 ml. of pure concentrated sulphuric acid to about 900 ml. of 
water, cooling, then diluting to | litre. 

4. N/10 oxalic acid: Dissolve exactly 6:3 g. of the pure 
crystalline acid in water and dilute to 1 litre. The solution 
is very stable. 

5. N/10 potassium permanganate: Dissolve 3:16 g. of potassium 
permanganate in water and dilute to 1 litre. Frequent renewal 
of permanganate solutions is necessary owing to their poor keeping 
qualities (see below). A N/10 solution may keep for two or three 
months if stored in a dark bottle with a tightly fitting stopper pro- 
vided with a dust cap. 

Technique.— 

Potassium Permanganate Factor: Permanganate solutions tend 
to be unstable in aqueous solutions owing to the formation of 
manganese dioxide which occurs in the presence of traces of organic 
material. It is therefore necessary to standardize the solution 
before the titration is carried out. The strength of the solution may 
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be adjusted to exactly N/200, but it is more convenient to apply a 
factor. This, the KMnO, factor is determined as follows :— 

Prepare N/100 oxalic acid and N/200 potassium permanganate 
solutions by simple dilution of the stock N/10 solutions. Use the 
same solution of potassium permanganate for the actual titration 
of the serum-calcium. 

Add 2:0 ml. of N/100 oxalic acid and about 4:0 ml. of V/1 sulphuric 
acid in a chemically clean tube, and place it in a boiling water-bath 
for three or four minutes. Whilst still hot, titrate with N/200 
potassium permanganate from a 2-0-ml. micro-burette fitted with 
a well-fitting greased stop-cock and a fine jet. 

Ideally, the volume of permanganate required is 4-0 ml., 
though on account of the deterioration of the solution it usually 
happens that between 4-05 and 4-15 ml. is required. ‘The factor, 
by which the titration figure obtained in the actual estimation is 
multiplied is :— 

4-0 divided by the number of ml. of N/200 potassium permanganate 
required to oxidize 2:0 ml. of N/100 oxalic acid. 

Mix 2:0 ml. of serum with 2-0 ml. of water and 1-0 ml. of saturated 
ammonium oxalate in a centrifuge tube and allow to stand for one 
hour or longer. If citrated plasma is used in place of serum, 
allow at least eighteen hours. A round-bottomed tube is preferable, 
for it is difficult to resuspend and ultimately to dissolve the precipitate 
if it is tightly packed in the tip of a tapered tube. Calcium oxalate 
is a relatively heavy salt, and the particles adhere together so well 
that with reasonable care, disturbance of the precipitate with 
consequent loss during the manipulation is unlikely. 

Centrifugalize the tube for twenty minutes at a speed of 3000 r.p.m., 
decant the supernatant fluid, and drain the tube by inverting it ina 
beaker with a pad of filter-paper in the bottom. Wash and centri- 
fugalize the precipitate three times with the ammoniacal alcohol- 
ether mixture, and after the last centrifugalizing place the tube 
in a boiling water-bath to remove all traces of ammonia. Suspend 
the precipitate in 2-0 ml. of N/1 sulphuric acid, and place in the 
water-bath for three or four minutes. 

Titrate whilst still hot with-N/200 potassium permanganate from 
an all-glass 2-0-ml. micro-burette. The temperature of the titration 
mixture should be maintained at not less than 75° C. by occasionally 
replacing in the water-bath. The end-point of the titration is 
indicated by the persistence of the faintest detectable trace of pink. 

Principles and calculations.—Calcium compounds in the 
serum are precipitated in the form of insoluble calcium 
oxalate :-— 


(1) Ca-compounds + (NH,),C,0, = CaC,0O, + NH,-compounds. 
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By the addition of sulphuric acid, the calcium oxalate is converted 
into oxalic acid :— 


(2) CaC,0, + H,SO, = H,C,O, + CaSO,. 
The atomic weight of calcium is 40. As oxalic acid is divalent, 
containing two replaceable atoms of hydrogen, it follows that 


40 g. of calcium = 2000 ml. of N/1 oxalic acid. 


Potassium permanganate reacts with oxalic acid in the presence 
of sulphuric acid as follows :— 
(3) 2KMnO, + 5H,C,0, + 3H,SO, 
= K,S0, + 2MnSO, + 10CO, + 8H,O 
As one gram-molecule of oxalic acid is equivalent to 2000 ml. of 
a normal solution of the acid, it follows that 
5H,C,0, = 10,000 ml. of N/1 H,C,O, 


The gram-equivalent of an oxidizing agent, in this case potassium 
permanganate, is that weight which will evolve 8 g. of oxygen. 
Potassium permanganate in acid solution releases oxygen according 
to the equation :— 


(4) 2KMnO, + 3H,SO, = K,SO, + 2MnSO, + 3H,O + 50 


Therefore, the gram-equivalent of 5 atoms of oxygen is equivalent 
to 2 gram-molecules of potassium permanganate, 
i.e., 5 X 16 = 80 g. oxygen = 10 * gram-equivalent of potassium 
permanganate, or 


2KMn0O, = 10,000 ml. of N/1 KMnO, 
But, as shown in equation (3) 
2KMnO, = 5H,C,0, 
Therefore 10,000 ml. N/1 KMnO, = 10,000 ml. N/1 H,C,O, 
It follows that 
2000 ml. N/1 KMnO, = 40 g. of calcium 
and 1:0 ml. N/200 KMnO, = 0-1 mg. calcium. 


The final calculation in the estimation of serum-calcium then 


becomes :— 
100 
Titration figure x KMnO, factor x 0-1 x > 


I 


= Titration figure x 5 


= mg. calcium per 100 ml. of serum. 
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Interpretation.—The normal range for serum-calcium is from 
9 mg. to 11 mg. per 100 ml. of serum, the highest values being 
encountered in children. A slight decrease occurs towards the end 
of pregnancy. In infantile tetany, values of 3-5—7-0 mg. have been 
recorded, tetany due to hypocalcemia not occurring until the serum- 
calcium is reduced to about 7-0 mg. In the hemorrhagic diatheses 
the serum-calcium is unaltered. The physiological level is main- 
tained by the influence of a hormone secreted by the parathyroids, 
extirpation of which lowers the calcium to below the critical level ; 
the condition is relieved by administration of parathormone. In 
severe nephritis the calctum may drop to 7:0 mg. per 100 ml., 
though tetany rarely results. 


ESTIMATION OF PLASMA-CHLORIDES 


Specimen required.—‘ True’ plasma, collected under oil as 
described on p. 31. 

Reagents required.— 

1. Standard silver nitrate: A solution of silver nitrate of which 
1:0 ml. is equivalent to 2 mg. of sodium chloride, is conveniently 
prepared from a stock N/10 solution by diluting 10-0 ml. of the 
stock to 29-25 ml. with distilled water. 

2. Potassium (or ammonium) thiocyanate : The standard solution 
is similarly prepared by diluting 10-0 ml. of a stock N/10 solution 
to 29-25 ml. with distilled water. 

3. Ferric ammonium sulphate (iron alum): Use a saturated 
solution in distilled water. 

4. Nitric acid: Pure, concentrated. 

Principles.—The chlorides are precipitated from a measured 
volume of a tungstic acid filtrate by the addition of an excess of 
standard silver nitrate :— 


NaCl + AgNO; = NaNO, + AgCl 


The excess silver nitrate is then estimated by back-titration with 
standard thiocyanate :— 


AgNO, + KSCN = AgSCN + KNO, 


The indicator of the end-point of the reaction is iron alum, the 
precipitate of red ferric thiocyanate appearing when the first drop 
of thiocyanate from the burette in excess of that required to combine 
with the silver nitrate, is added to the titration mixture :— 


6KSCN + 2FeNH,(S0,), 
= 2Fe(SCN), + 3K,SO, + (NH,),SO, 


EXAMINATION OF BLOOD Fes 


-Technique.—To 10-0 ml. of protein-free filtrate (= 1-0 ml. of 
plasma) add 5-0 ml. of standard silver nitrate solution. After 
standing for about five minutes, add about 5-0 ml. of nitric acid 
and a few drops of iron alum solution. ‘Titrate with standard 
potassium thiocyanate solution from a 5-0-ml. burette until the red 
precipitate of ferric thiocyanate imparts the first tinge of orange 
colour to the mixture. Suppose that T ml. of thiocyanate are 
required. 

Calculation.—1-0 ml. of standard silver nitrate is equivalent 
to 20 mg. of sodium chloride ; therefore 1-0 ml. of plasma contains 
(5 — T) x 2:0 mg. of sodium chloride. 100 ml. of plasma contain 
(5 — T) x 200 mg. sodium chloride. 

Note: The function of the nitric acid in the titration is to prevent 
precipitation of silver phosphate, the two following reactions 
proceeding simultaneously :— 


(1) 2AgNO, + K,HPO, = Ag,HPO, + 2KNO, 
(2) Ag,HPO, + 2HNO, = 2AgNO + H,PO, 


The nitric acid also ‘ flocks out’ the silver chloride, with conse- 
quent reduction in the surface of the precipitate exposed to the 
solution ; this is essential in order to prevent reaction between 
silver chloride and ferric thiocyanate, silver chloride being more 
soluble than silver thiocyanate. This reaction is also retarded by 
the excess of iron alum, which reduces the ionization of ferric 
thiocyanate. This in turn has the effect of deepening the colour of 
the end-point, by lowering the concentration of yellow Fe*** ions 
and colourless SCN- ions (the common ion effect). 


IODOMETRIC METHOD 


Reagents required.— 

1. Chloride-free sodium tungstate: Prepare a hot, concentrated 
solution of sodium tungstate and add an equal volume of 95 per 
cent alcohol. Filter the crystals free from the solution after cooling, 
wash with alcohol whilst still in the filter-paper, then dry in air 
for a few hours. Finally, dry in a desiccator overnight. 

2. Phosphoric-tungstic acid solution : Dissolve 6-0 g. of chloride- 
free sodium tungstate in water in a 1-litre volumetric flask, add 10 ml. 
of 85 per cent phosphoric acid, and dilute to 1 litre with water. 

3. Silver iodate: To test for freedom from more soluble iodates, 
shake up 0-5 g. with 25 ml. of phosphoric-tungstic acid solution 
and add about 0-5 g. of sodium iodide. Titrate with 0-02 N sodium 
thiosulphate, using soluble starch as indicator. Sufficiently pure 


silver iodate should not require more than 0-05 ml. of thiosulphate. 
6 
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4. Sodium iodide: To test for purity, dissolve 0-5 g. in 10 ml. 
of the phosphoric-tungstic acid solution and add a drop or two of 
soluble starch. No colour should be obtained. 

5. Standard sodium thiosulphate, 0-02 N. Prepare this solution 
freshly each time it is required by dilution of a stock N/10 solution. 

Principle.—Blood-plasma is treated with a mixture of phos- 
phoric and tungstic acids, and insoluble silver iodate is added. 
The proteins are precipitated by the acid and the chlorides of the 
plasma react with the silver iodate to form insoluble silver chloride 
and soluble sodium iodate :— 


AgIO, + NaCl = AgCl + NalO,; 


Sodium iodide is added to an alequot part of the filtrate, and 
reacts with the soluble sodium iodate, free iodine being liberated :-— 


NalO, + 5Nal + 2H,PO, = 31, + 2Na;PO, + 3H,O 
The iodine is then titrated with standard thiosulphate :— 
3I, + 6Na,S,0, = 6Nal + 3Na,5,0, 
From the three equations above, it will be seen that 
NaCl = NalO, = 31, = 6Na,5S,0; 


Therefore 58-5 g. of sodium chloride are equivalent to 6000 ml. 
of N/1 sodium thiosulphate, and 1-0 ml. of 0-02 N thiosulphate is 
equivalent to 0-195 mg. of sodium chloride. 

Technique.—Add, with constant shaking, 1-0 ml. of plasma 
to 24 ml. of phosphoric-tungstic acid mixture, then add 0-3-0°5 g. 
of silver iodate. Stopper the flask and shake vigorously for half 
a minute. Filter. 

Into a 25-ml. conical flask measure 9-75 ml. of filtrate and about 
0-5 g. of sodium iodide. Mux carefully, allow to stand for three 
or four minutes, then titrate with 0-02 N sodium thiosulphate, 
adding a drop or two of soluble starch when near to the end-point. 
(For the preparation of soluble starch, see p. 136.) 

The titration figure is T ml. of thiosulphate. 


Calculation.—9-75 ml. of filtrate are derived from i ml. of 


plasma, and this volume contains T x 0-195 mg. of sodium chloride 
(or chlorides expressed as NaCl). 
100 ml. of plasma therefore contain 


25 
Tig 0195 2100 9.75 — T x 50 mg. of chloride. 
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Interpretation.—The normal range of plasma chloride is 
560-620 mg. per 100 ml. Increases occur in nephritis, and the 
decision to restrict chloride intake in this condition may rest upon 
the results of chloride determinations. Decreases in plasma- 
chloride are found in Addison’s disease, and in gastro-intestinal 
conditions in which vomiting and/or diarrhcea result in dehydration. 
In this connexion it should be remembered that the close association 
between water and chlorides in the tissues may prevent marked 
changes in the plasma-chloride level, even though distribution of 
water may be disorganized, as in edema. Owing to large amounts 
of chloride being ‘locked-up’ in the inflammatory exudate, low 
plasma-chloride levels are often encountered in pneumonia. 


ESTIMATION OF PLASMA-PROTEINS 


Specimen required.—Heparinized or oxalated blood of a 
volume sufhcient to provide slightly more than 1:0 ml. of 
plasma. 

Reagents required.— 

1. Sodium chloride, 1-0 per cent aqueous solution. 

2. Trichloracetic acid, 20 per cent aqueous solution. 

3. Ammonium sulphate, saturated aqueous solution: 100 ml. 
of solution require about 56 g. of the crystalline salt. 

4. Sodium carbonate, saturated aqueous solution: The solu- 
bility of sodium carbonate (anhydrous) is about 35 per cent. 

5. Phenol reagent of Folin and Ciocalteu: Dissolve 100 g. of 
sodium tungstate, and 25 g. of sodium molybdate in 700 ml. of 
water. Add 50 ml. of 85 per cent ortho-phosphoric acid and 
100 ml. of pure hydrochloric acid. Reflux for eight hours. If the 
resulting solution is green, add a trace of bromine and boil off 
the excess. If any precipitate forms, filter. The final solution 
should be a rich yellow colour. 

6. Tyrosine standard : Dissolve 0-2 g. of pure crystalline tyrosine 
in 1000 ml. of N/100 hydrochloric acid. 2-0 ml. contain 0-4 mg. 
of tyrosine. 

Technique.—So far no published method for the differential 
estimation of albumin, globulin, and fibrinogen appears to have 
given completely satisfactory results, owing chiefly to the difficulty 
experienced in the specific separation of the globulin fraction. The 
following technique, in the author’s hands, has been found to 
give results which are at least of clinical significance. Whether the 
results obtained are accurately representative of the true protein 
partition is open to the same doubt as one feels with regard to any 
other method. 
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Principle-—The method depends upon a reaction between 
the phenol reagent of Folin and Ciocalteu and the phenyl groups 
in tyrosine (in the standard solution) and tyrosine radicals in the 
protein molecule (in the unknown solution). The blue colour so 
obtained is estimated colorimetrically. 

Technique.—Add 1-0 ml. of clear, unhemolyzed plasma to 
9-0 ml. of 1-0 per cent sodium chloride solution. The subsequent 
analyses are performed upon this diluted plasma, of which 
1:0 ml. = 0-1 ml. of undiluted plasma. 

Total Protein.—In a 15-ml. centrifuge tube place 1-0 ml. dilute 
plasma, 4-0 ml. distilled water, 1-0 ml. 20 per cent trichloracetic acid. 

Mix thoroughly without inverting the tube, then centrifugalize 
for thirty minutes at a speed of 3000 r.p.m. Decant the supernatant 
fluid and invert the tube on filter-paper to drain. 

Dissolve the precipitated protein in 1-0 ml. of 10 per cent sodium 
hydroxide, and heat in a boiling water-bath for thirty minutes. 
Cool by immersion in a vessel of cold water, then add 7-0 ml. of 
distilled water, 1-0 ml. Folin and Ciocalteu reagent, and 3-0 ml. 
saturated sodium carbonate. 

Mix by inversion and allow to stand for thirty minutes for the 
maximum colour to develop. Compare in the colorimeter with 
the Standard set at a depth of 10 mm. 

Fibrinogen.—In a test-tube place 2-0 ml. saturated ammonium 
sulphate solution, 4:0 ml. distilled water, 2-0 ml. dilute plasma. 

This gives 25 per cent saturation with ammonium sulphate, 
which precipitates fibrinogen but not globulin. 

Mix thoroughly, then allow to stand for about twenty minutes 
so that the precipitate flocculates. Filter repeatedly through the 
same paper until a clear filtrate is obtained. 

In a 15-ml. centrifuge tube place 4-0 ml. filtrate (= 0-1 ml. 
plasma), 1-0 ml. distilled water, and 1-0 ml. 20 per cent trichloracetic 
acid. 

Mix thoroughly without inverting the tube, then centrifugalize 
for thirty minutes at a speed of 3000 r.p.m. Decant the supernatant 
fluid and invert the tube on filter-paper to drain. 

Dissolve the precipitated protein in 1-0 ml. of 10 per cent sodium 
hydroxide, and heat in a boiling water-bath for thirty minutes. 
Cool by immersion in a vessel of cold water, then add 7-0 ml. of 
distilled water, and 1:0 ml. Folin and Ciocalteu reagent, 3-0 ml. 
saturated sodium carbonate. 

. Mix by inversion and allow to stand for thirty minutes. Compare 
in the colorimeter with the Standard set at a depth of 10 mm. 

Albumin.—In a test-tube place 4:0 ml. dilute plasma and 4-0 ml. 

saturated ammonium sulphate. 


EXAMINATION OF BLOOD 75 


This gives half saturation with ammonium sulphate, which 
precipitates globulin and fibrinogen. 

Mix thoroughly and allow to stand for twenty minutes so that 
the precipitate flocculates. Then filter repeatedly through the 
same paper until a clear filtrate is obtained. 

In a 15-ml. centrifuge tube place 2-0 ml. filtrate (= 0-1 ml. 
plasma), 3-0 ml. distilled water, and 1-0 ml. 20 per cent trichloracetic 
acid. 

Mix without inverting the tube. Centrifugalize for thirty minutes 
at a speed of 3000 r.p.m. Decant the supernatant fluid and invert 
the tube on filter-paper to drain. 

Dissolve the precipitated protein (total protein minus globulin 
and fibrinogen) in 1-0 ml. of 10 per cent sodium hydroxide and 
heat in a boiling water-bath for thirty minutes. Cool by immersion 
in a vessel of cold water, then add 7-0 ml. distilled water, 1-0 ml. 
Folin and Ciocalteu reagent, 3-0 ml. saturated sodium carbonate. 

Mix by inversion and allow to stand for thirty minutes. Compare 
in the colorimeter with the Standard set at a depth of 10 mm. 

Standard.—In a test-tube place 2:0 ml. standard tyrosine solution, 
1:0 ml. of 10 per cent sodium hydroxide, 5-0 ml. distilled water, 
1-0 ml. Folin and Ciocalteu reagent, and 3-0 ml. saturated sodium 
carbonate. 

Mix by inversion and allow to stand for thirty minutes. 

By arranging to have protein precipitates ready for solution in 
the 10 per cent sodium hydroxide at the same time, it is possible 
to compare each with the same Standard. 

Calculation.—As the volume of plasma to which each of the 
amounts of precipitated protein corresponds is the same in each 
fraction, the calculation is likewise the same :— 

2-0 ml. of standard tyrosine solution contains 0-4 mg. of tyrosine. 
Therefore 0-1 ml. of plasma contains the chromogenic equivalent of 


S 
u x 0-4 mg. of tyrosine. 


Therefore 100 ml. of plasma contain :— 


S 100 S 
U x 0-4 x 7 ee <x 400 mg. 

It has been found that the colour given by tyrosine with Folin 
and Ciocalteu’s reagent is twelve times greater than that given by 
the same weight of protein, and though the tyrosine content of 
different proteins varies, the deviation from the factor x 12 1s of 
little consequence. Therefore, to convert the readings for tyrosine 
into terms of protein, the colorimetric readings are multiplied by 12. 
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100 ml. of plasma will thus contain :— 
= x 400 x 12 mg. of protein. 


By setting the Standard at a depth of 10 mm. the final calculation 
becomes :— 
10 


48 
7 * 400 x 12 x — g. of protein per 100 ml. of plasma = wu 


To determine the distribution of albumin, globulin, and 
fibrinogen: From the total protein subtract the value for total 
minus fibrinogen, to obtain the value for fibrinogen. 

From the total protein, subtract the value for the sum of the 
albumin and fibrinogen to obtain the value for globulin. 

Interpretation.—The normal range encountered in plasma- 
protein values is considerable and appears to depend upon a number 
of ill-defined circumstances—calcium content, lipoids, electrolyte 
balance, etc., as well as the technique of determination. Total 
protein lies between 6-0 and 8-5 g. per 100 ml.; globulin between 
1-2 and 2:3; albumin between 4-6 and 6-7 ; and fibrinogen between 
0:3 and 0-6. 

The blood-proteins contribute little to the nutrition of the tissues, 
and are concerned chiefly with the maintenance of optimal osmotic 
pressure between blood and tissue, albumin exerting a greater 
effect in this respect than globulin. Loss of protein from the body, 
or diminution due to malnutrition, causes cedema to occur when 
the protein level drops to about 5-0 g. per 100 ml. It has been 
claimed, however, that, particularly in nephrosis, the occurrence 
of cedema is due to other factors in addition to protein deficiency. 
Impairment of protein balance occurs in a number of conditions— 
great increases, chiefly in the globulin fraction, occur in kala-azar 
and multiple myeloma. ‘The fibrinogen shows increases up to 
at least 1:0 per cent in a number of chronic infections such as 
tuberculosis and pneumonia, in which conditions the globulin 
content may also be increased. 

Under such conditions the albumin/globulin ratio, usually 1-5 : 1-0 
to 1:0: 1-0, may be inverted. . There is a close correlation between 
the erythrocyte sedimentation rate and the A/G ratio, the most 
accelerated E.S.R. being associated with the lowest A/G ratios. 


ESTIMATION OF PLASMA-SODIUM 


Specimen required.—As sodium estimations are generally 
required at the same time as estimations of chlorides, it is advisable 
to use ‘true plasma’ (see p. 31). 
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Reagents required.— 

1. Trichloracetic acid 20 per cent aqueous solution. 

2. Alcoholic zinc uranyl acetate solution, saturated with ‘ triple 
acetate’. The solution is prepared as follows :— 

Dissolve 50 g. of uranyl acetate in 250 ml. of boiling 4-0 per cent 
acetic acid. In another vessel dissolve 150 g. of zinc acetate in 
250 ml. of boiling 2-0 per cent acetic acid. Mix the two solutions 
whilst they are still boiling, and heat to boiling-point again. Stand 
overnight and filter. To the filtrate add an equal volume of absolute 
alcohol, and stand for forty-eight hours at a temperature of 0° C., 
then filter again. Store in the refrigerator in a glass-stoppered bottle. 
Filter or centrifugalize enough for immediate use in order to remove 
any sodium zinc uranyl acetate in suspension. 

In the presence of acetic acid, uranyl acetate, and zinc acetate 
combine according to the following equation :— 


2U0,(CH,COO), + 2Zn(CH,COO), + CH,COOH 
= Zn,(UO,),H(CH,COO), 


Sodium, occurring as an impurity in most preparations of acetates, 
provides sufficient to yield the ‘ triple’ salt to the saturation point. 
If it is found that, after standing for some time, the stock solution 
does not yield a precipitate, remove from the refrigerator, allow to 
regain room temperature, and add an excess of ‘triple’ acetate 
(see below) before returning to the cold. 

3. Preparation of sodium zinc uranyl acetate ( field acetate ’) : 
Add about 50 ml. of the alcoholic solution of zinc uranyl acetate 
to about 100 ml. of a saturated solution of sodium chloride in 
50 per cent alcohol. Allow to stand and decant most of the super- 
natant fluid. The precipitate, consisting of the ‘triple’ acetate, 
is soluble in water but relatively insoluble in alcohol. Wash with 
95 per cent alcohol and centrifugalize. The washed precipitate 
may be used, if required, to saturate the alcoholic zinc uranyl acetate 
solution described above—very little will be required for this purpose. 
Use the remainder of the precipitate for the preparation of the 
“wash ’ solution. 

4. Transfer the washed precipitate of sodium zinc uranyl acetate 
suspended in 95 per cent alcohol to a glass-stoppered bottle and 
make up the volume to about 500 ml. with 95 per cent alcohol. 
Shake the suspension thoroughly and store in the refrigerator. 
There must always be an excess of undissolved ‘triple’ acetate 
at the bottom of the bottle. Filter or centrifugalize sufficient for 
immediate needs just before use. 

5. Stock standard sodium solution: Dissolve 8-9 g. of pure 
dry sodium chloride in water and dilute to 1 litre. 
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6. Working standard sodium solution: Dilute 5-0 ml. of the 
stock solution to 25 ml. with water. 


1:0 ml. contains 0-7 mg. of sodium. 


7. Glacial acetic acid. 

8. 20 per cent aqueous potassium ferrocyanide. 

Principles.—Sodium is displaced from its compounds in the 
plasma to combine with uranyl zinc acetate in the form of the triple 
salt, sodium uranyl zinc acetate :— 


NaCl + Zn,(UO,),H(CH;COO), 
— Zn,(UO,),Na(CH;COO), + HCl 


Uranyl zinc acetate is usually formulated as the normal double 
salt Zn,(UO,),(CH,;COO),, though, in order to displace sodium 
from its compounds and combine with it, it seems necessary that 
an additional H+ valency must be available. Hence the formula 
in the above equation has been chosen. 

The addition of potassium ferrocyanide to the dissolved sodium 
uranyl zinc acetate yields the plum-coloured uranyl ferrocyanide, 
the amounts of it which are formed in the Unknown and in the 
Standard solutions being proportional to the amounts of sodium 
originally present in the two solutions. 

Technique.—Prepare a protein-free filtrate by mixing in a 
centrifuge tube: 3-0 ml. of water, 1-0 ml. of plasma, 1:0 ml. of 
20 per cent trichloracetic acid. 

Allow to stand for ten minutes, then centrifugalize. 

In a centrifuge tube labelled ‘U’ place: 1-0 ml. of protein-free 
filtrate, 10-0 ml. of uranyl zinc acetate solution. 

At the same time, in a similar tube labelled ‘S’ place: 1-0 ml. 
sodium chloride standard, 10-0 ml. of uranyl zine acetate solution. 
Allow both tubes to stand in the refrigerator for one hour, then 
centrifugalize. 

Decant the supernatant fluid from each tube and drain carefully, 
so that none of the precipitate is lost. To each tube, washing down 
the sides, add 5-0 ml. of the ‘ wash’ solution. 

Resuspend the precipitate in the solution, then centrifugalize. 
Decant the supernatant fluid from each tube and invert carefully, 
to drain. 

Wash the packed precipitates from the tubes into two 250-ml. 
volumetric flasks, appropriately labelled ‘U’ and ‘S’, with distilled 
water. ‘The precipitate of sodium uranyl zinc acetate dissolves 
readily. Wash the tubes and funnels (if used) thoroughly with 
enough water to about two-thirds fill the flasks. 
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To each flask add: 0-1 ml. of glacial acetic acid, 0-5 ml. of 
potassium ferrocyanide solution. The acetic acid has the effect 
of discharging the yellow colour of the triple acetate, owing to 
ionization. 

Make up the volume in each flask to 250 ml. with water ; mix, 
then compare in the colorimeter with the Unknown set at a depth 
of 35 mm. 

Calculation.—The stock standard solution contains 890 mg. 
of sodium chloride per 100 ml. The working solution is made 
by diluting the stock 1 in 5 with water, and contains :— 


890 1 2 0-7 aera 
100 * 5 * 5g.5 — 97 mg. of sodium in 1-0 ml. 


The dilution of plasma in the preparation of the protein-free 
filtrate is 1 in 5. 1-0 ml. of filtrate is used in the analysis. This is 
equivalent to 0-2 ml. of plasma. 


S 
Therefore 0-2 ml. of plasma contains uy * 0-7 mg. of sodium. 
S 100 
100 ml. of pl tain — X 0:7 xX —- 
ml. Of plasma contain U Xx x 0-2 


= = < 350 mg. of sodium. 


If the reading of the Unknown is set at a depth of 35 mm., the 
reading of the Standard, multiplied by 10, gives the result in mg. 
of sodium per 100 ml. of plasma. 

Interpretation.—Sodium is mainly confined to the plasma in 
the form of sodium chloride. On account of the low content of 
sodium in most vegetable tissues, a vegetarian needs to supplement 
his intake by taking more salt with his food than persons on an 
ordinary diet. At least 5 g. of sodium chloride are required per day. 

Pathologically, sodium metabolism is disturbed in Addison’s 
disease, in which adrenal control of sodium distribution is impaired. 
In hot climates, where perspiration is profuse, additional salt 
needs to be taken in the diet to compensate for loss in the sweat. 


ESTIMATION OF SERUM-MAGNESIUM 


Specimen required.—Sufficient whole clotted blood to 
provide slightly more than 2-0 ml. of serum. Oxalated blood 
may be used, but it is advisable to prepare the filtrate as described 
below, and not to assume that all calcium has been removed by 


the anticoagulant. 
1. Ammonium oxalate: Saturated aqueous solution. 
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2. Ammoniacal ammonium phosphate: Dissolve 5:0 g. of 
ammonium phosphate in water and add 5-0 ml. of concentrated 
ammonia. Make up the volume to | litre with water. 

3. Ammonia wash solution: Add one volume of concentrated 
ammonia to two volumes of distilled water. 

4. Alcoholic ammonia wash solution: Add 75 ml. of absolute 
alcohol to 20 ml. of water containing 1 ml. of concentrated ammonia, 
and make up the volume to 100 ml. with water. 

5. Molybdate reagent: Dissolve 25 g. of ammonium molybdate 
in about 200 ml. of water in a beaker. Measure 500 ml. of 10-N 
sulphuric acid (see below) into a 1-litre flask, and add the molybdate 
solution. Using washings from the beaker, make up the volume 
to 1 litre with water. 

6. 10-N sulphuric acid: Add 450 ml. of concentrated sulphuric 
acid, carefully, to 1300 ml. of water. Cool the solution thoroughly, 
then, by suitable dilution and titration against V/1 sodium hydroxide, 
check the strength of the acid. Adjust to 10 N by appropriate 
dilution or addition of concentrated acid. 

7. Aminonaphtholsulphonic acid reagent: Prepare a 15 per cent 
solution of sodium metabisulphite in distilled water. (Some text- 
books use the term sodium bisulphite in describing the preparation 
of this reagent. It may be noted that the simple acid salt NaHSO, 
does not exist—the salt referred to is Na,5,0;.) To 195 ml. of 
this solution in a glass-stoppered cylinder add 0-5 g. of l-amino- 
2-naphthol-4-sulphonic acid, and 5-0 ml. of 20 per cent sodium 
sulphite solution. Shake the mixture until the acid has dissolved. 
To facilitate solution more sodium sulphite may be added, 1 ml. 
at a time, but an excess must be avoided. Transfer the completed 
reagent to a brown, glass-stoppered bottle, and store in the cold. 
The solution is relatively unstable and should not be used when 
more than four weeks old. 

8. Stock standard phosphate solution: Dissolve 0-560 g. of 
pure, dry monopotassium phosphate KH,PO, in water and dilute 
to 1 litre. The addition of a few drops of chloroform retards the 
growth of moulds. 

9. Working standard phosphate solution: Dilute 10 ml. of the 
stock solution to 100 ml. with water. 3-0 ml. of the dilute solution 
are equivalent to 0-03 mg. of magnesium. 

Principles.—The magnesium in a calcium-free filtrate is 
precipitated as magnesium ammonium phosphate :— 


MgCl, + (NH,),PO, = MgNH,PO, + 2NH,CI 


The phosphate in the precipitate is then estimated by an adapta- 
tion of a standard method. 
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Technique.—Precipitate the calcium by adding together in a 
centrifuge tube: 2-0 ml. of serum, 2-0 ml. of distilled water, and 
1-0 ml. of saturated ammonium oxalate solution. 

After standing for at least thirty minutes, remove the precipitated 
calcium oxalate by centrifugalization. 

Measure into a 15-ml. centrifuge tube: 3-0 ml. of Ca-free 
centrifugate, 0-5 ml. of ammoniacal ammonium phosphate solution, 
and two drops of concentrated ammonia. 

Allow precipitation to proceed overnight, then centrifugalize. 
Wash the precipitate three times with ammonia wash solution, then 
with 5-0 ml. of 75 per cent alcohol containing 1 per cent ammonia. 
After the final centrifugalization remove the supernatant fluid as 
completely as possible and evaporate the last trace of ammonia by 
placing the tube in the 37° C. incubator for about an hour. 

When the tube is cool, add 1:0 ml. of molybdate reagent and 
allow the precipitate to dissolve completely. Then add 5-0 ml. of 
distilled water and set the tube aside whilst the standard is being 
prepared. 

Standard.—In a test-tube place: 3-0 ml. of working phosphate 
standard, 1-0 ml. of molybdate reagent, and 2-0 ml. of water. 

To Standard and to Unknown add 0-4 ml. of aminonaphthol- 
sulphonic acid reagent, and dilute the contents of both tubes to 
10 ml. with water. Mix and allow to stand for five minutes before 
comparing in the colorimeter. 

Set the Unknown at a depth of 25 mm., then the reading of the 
Standard, divided by 10, will give the result in mg. of magnesium 
per 100 ml. of serum. 

Calculation.—The molecular weight of magnesium ammonium 
phosphate is 137-342. The molecular weight of monopotassium 
phosphate is 136-096. 

The molecular weights of the two salts are so nearly alike that 
for immediate purposes assume that :— 


MgNH,PO, = KH,PO, 


The equivalent weight of magnesium is 24-32, therefore the stock 
standard solution contains the equivalent of :— 
24-32 
137-342 
3-0 ml. of the working standard would therefore contain the 
equivalent of :— 
24:32 


3 1 . 
tel” ee a . of magnesium. 
feats 2  10.°-1000) = 


560 mg. of magnesium per litre. 
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But, as the equivalent weights of magnesium ammonium phosphate 
and monopotassium phosphate are not identical, 3-0 ml. of the 
working solution will contain the equivalent of :— 

137-342 24-32 3 ] 


deed tse 60 fs 
136006 * 137342 "7 > 10 1000 


= 0-030021 mg. of magnesium. 





In the estimation, 2:0 ml. of serum were used, and diluted to 
5-0 ml. in the preparation of the calcium-free filtrate. Of the 
calcium-free filtrate, 3-0 ml. were taken for the subsequent treat- 
ment, this volume being equivalent to 1-2 ml. of serum. 

Therefore 1:2 ml. of serum contain :— 


: < 0:03 mg. of magnesium. 


100 


alte: 
100 ml. of serum contain 7; xe D-O3 x iG 


== x 2-5 mg. of magnesium. 


By setting the depth of the Unknown at 25 mm. the reading of 
the Standard, divided by 10 gives the result in mg. of magnesium 
per 100 ml. of serum. 

Interpretation.—No connexion has been shown to exist between 
serum-magnesium and any pathological condition. Dietary defi- 
ciency probably never occurs on account of the very small amount 
needed. 


ESTIMATION OF BLOOD-IRON 


Specimen required.—Slightly more than 1-0 ml. of oxalated 
blood. 

Reagents required.— 

1. Potassium persulphate, saturated aqueous solution: To 
about 7:0 g. of potassium persulphate add 100 ml. of distilled water 
in a glass-stoppered bottle. Some loss by decomposition is com- 
pensated for by the excess salt which settles to the bottom. 

2. Sulphuric acid, concentrated, iron-free. 

3. 10 per cent sodium tungstate solution. 

4. 3 N potassium thiocyanate solution: Dissolve 146 g. of 
potassium thiocyanate in water and dilute to 500 ml. with water 
in a 500-ml. volumetric flask. The addition of 20 ml. of acetone 
before dilution improves the keeping properties of the solution. 

5. Standard iron solution: Dissolve 0-7 g. of pure, crystalline 
ferrous ammonium sulphate (or 0-775 g. of pure, crystalline ferrous 
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potassium sulphate) in about 100 ml. of distilled water. To the 
solution add 5-0 ml. of concentrated sulphuric acid and warm the 
acidified solution slightly. Add a strong solution of potassium 
permanganate, drop by drop, until a slight excess of permanganate 
indicates that the oxidation of the ferrous salt to the ferric salt is 
complete. Dilute the oxidized solution to 1 litre with water. 

A two-stage reaction takes place, involving first the liberation 
of ionic oxygen :— 


2KMn0O, + 3H,SO, = K,SO, + 2MnSO, + 3H,O + 50 


The oxygen thus formed combines with the ferrous ammonium 
sulphate to form ferric ammonium sulphate :— 


2FeSO,(NH,).SO, + O = Fe,(SO,)3(NH,).SO, + H,O + 2NH, 


The molecular weight of crystalline ferrous ammonium sulphate 
is 392-14, of which iron represents 55-8. Therefore, 0:7 g. of 
ferrous ammonium sulphate contains :— 

Be 0:7 0-0996 p. of iron (F ical 

392-14 x = g. of iron (for practical purposes 0-1 g.). 

1-0 ml. of the standard solution, therefore, contains 0-1 mg. of iron. 

Alternatively, the standard solution may be prepared from an 
acidified solution of a ferric salt. Ferric chloride is convenient. 

Dissolve 0-2273 g. of pure ferric chloride in water, add 5-0 ml. 
of concentrated sulphuric acid and dilute to 1 litre. 

By a similar calculation, it is found that 1-0 ml. contains 0-1 mg. 
of iron. 

Principles.—Iron in blood is almost exclusively confined to 
the red corpuscles in the form of hemoglobin, plasma-iron averaging 
only about 140 wg. for men and 120 yg. for women. ‘The present 
method cannot be applied to the estimation of plasma-iron, but 
may be regarded as a most accurate method for the estimation of 
of corpuscular hemoglobin. 

Hemoglobin is decomposed by treatment with sulphuric acid 
and potassium persulphate, with the liberation of iron, with which 
the two reagents combine to form ferric potassium sulphate :— 


Fe + H,SO, = FeSO, + H, 
2FeSO, + K,S,0, = Fe(SO,4)3°7K,SO, 


The ferric potassium sulphate combines with potassium thio- 
cyanate, producing the red ferric thiocyanate :— 


Fe,(SO,),K,S0, + 6KSCN = 2Fe(SCN), + 4K,SO, 
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The intensity of the colour is compared with that of a solution 
of ferric ammonium sulphate similarly treated :— 


Fe,(SO,),(NH,).SO, + 6KSCN 
— 2Fe(SCN), + 3K,SO, + (NH,),SO, 


Technique.—Into a 50-ml. volumetric flask measure 0-5 ml. of 
blood, and add 2:0 ml. of iron-free concentrated sulphuric acid. 
Agitate for two minutes. Add 2-0 ml. of a saturated solution of 
potassium persulphate. Mix, and dilute to about 25 ml. with 
water. The proteins are then precipitated by the addition of 2-0 ml. 
of 10 per cent sodium tungstate. Mix, and cool the flask by 
immersion in a vessel of cold water, then dilute to 50 ml. with water. 
Stopper and mix by inversion, then filter through a dry filter. 
Place 20 ml. of the filtrate in a glass-stoppered graduated 25-ml. 
cylinder. 

Into a similar cylinder measure 1-0 ml. of standard iron solution 
and 0-8 ml. of concentrated sulphuric acid. Dilute to 20 ml. with 
water and cool to room temperature. 

To both the Unknown and the Standard add 1-0 ml. of saturated 
potassium persulphate and 4:0 ml. of 3-N potassium thiocyanate 
solution. Stopper, mix, and compare in the colorimeter with the 
Unknown set at a depth of 25 mm. 

Calculation.—1-0 ml. of the standard solution contains 0-1 mg. 


of iron. In the preparation of the unknown solution = x 0°5 
= 0-2 ml. of blood was used. 


Therefore 0:2 ml. of blood contains : < 0-1 mg. of iron. 


100 ml. of blood contain = x O-l x al 


If the Unknown is set at a depth of 25 mm., the reading of the 
Standard, multiplied by 2, gives the result in mg. of iron per 100 ml. 
of blood. 

Hemoglobin Equivalent—Hemoglobin contains 0-339 per 
cent of iron. The hemoglobin content in g. per 100 ml. of blood 
may be contained by dividing the number of mg. of iron per 100 ml. 
by 3-39. 

To obtain the hemoglobin value directly, set the Unknown at 
a depth of 14-7 mm.—the reading of the Standard gives the result 
in g. of hemoglobin per 100 ml. of blood. 
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Interpretation.—In so far as blood-iron is a measure of 
hemoglobin, the results obtained fall within the province more 
of hematology than clinical chemistry. From the clinical point 
of view, therefore, the subject will not be discussed. 

It may be remarked, however, that the estimation of blood-iron 
is a useful check upon the accuracy of the calibration of hzmo- 
globinometers. 


ESTIMATION OF SERUM INORGANIC PHOSPHORUS 


Specimen required.—Sufficient oxalated or clotted blood to 
provide at least 1-0 ml. of plasma or serum. 

Reagents required.— 

1. Trichloracetic acid, 10 per cent aqueous solution. 

2. Molybdate-sulphuric acid reagent: To 50 ml. of 7:5 per 
cent sodium molybdate add 50 ml. of 10-N sulphuric acid. For 
the preparation of 10-N sulphuric acid, see page 80. 

3. Sodium bisulphite, 15 per cent aqueous: To 30 g. of sodium 
metabisulphite add 200 ml. of water, stir to dissolve, and allow 
to stand for several days. Filter and store in a tightly stoppered 
bottle. 

4. Sodium sulphite, 20 per cent aqueous solution: Keep the 
solution well stoppered and filter if necessary before use. 

5. Aminonaphtholsulphonic acid reagent: Place 195 ml. of 
15 per cent sodium metabisulphite in a glass-stoppered cylinder, 
and add 0:5 g. of 1, 2, 4-aminonaphtholsulphonic acid. Add 5-0 ml. 
of 20 per cent sodium sulphite, stopper the cylinder, and shake 
until all the acid is dissolved. If necessary, more sodium sulphite 
may be added to aid solution, but an excess must be avoided. 

Store in the refrigerator in a well-stoppered brown-glass bottle. 

The solution is relatively unstable, and should not be used if more 
than four weeks old. 

6. Standard phosphate solution (Stock solution): Dissolve 
0:4389 g. of pure, dry monopotassium phosphate in water and 
dilute to 1 litre. Add a few drops of chloroform as a preservative 
to prevent the growth of moulds. 

7. Standard phosphate solution (Working solution). Dilute the 
stock solution 1 in 10 with water. 2-0 ml. contains 0-02 mg. of 
phosphorus. 

Principles.—A trichloracetic acid filtrate of blood is treated 
with molybdic acid, which combines with phosphate to form 
phosphomolybdate :— 


12H,MoO, + K,HPO, = K,HPMo,,0,) + 12H, 
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The molybdate thus formed is treated with a reducing agent 
(aminonaphtholsulphonic acid) and is thereby reduced to a mixture 
of colloidal lower oxides of molybdenum, some of which are blue 
(notably the so-called molybdenum blue, a double oxide having 
the formula Mo,0,;-MoQOs3) :— 


2K,HPMo 4.049 + 2RX> 
— 8Mo,0,,Mo0, + 4KX + 2RHPO, + 40, 


The intensity of the colour is proportional to the amount of 
phosphorus originally present, then combined as phosphomolybdate. 
Its concentration is determined by colorimetric comparison with a 
standard solution of phosphate similarly treated. 

Technique.—Add, slowly and with constant shaking, 1:0 ml. 
of serum or plasma, to 4:0 ml. of 10 per cent trichloracetic acid. 
Mix thoroughly and filter through a low-ash filter-paper. Transfer 
2:0 ml. of the filtrate to a test-tube labelled ‘ U’. 

To a similar tube labelled ‘S’, transfer 2-0 ml. of standard 
phosphate solution (= 0-02 mg. of phosphorus). 

To each tube add 5-0 ml. of water, 2:0 ml. of molybdate-sulphuric 
acid reagent, and, without delay, 1-0 ml. of aminonaphtholsulphonic 
acid reagent. Mix, allow to stand for one minute, then compare 
in the colorimeter. Set the Unknown at a depth of 20 mm. 

Calculation.—2:0 ml. of standard solution contain 0-02 mg. 
of phosphorus. 

The dilution of serum in the preparation of the protein-free 
filtrate is 1 in 5. 2-0 ml. of filtrate are therefore equivalent to 
0-4 ml. of serum. 


Therefore 0-4 ml. of serum contains 2 < 0:02 mg. of phosphorus. 


ie 100 
100 ml. of ser t mes VO ros tee 
um contain U x x nn 


EO 20 
=F x q me. of phosphorus. 

The Unknown is set at a depth of 20 mm., then the reading of 
the Standard, divided by 4, gives the result in mg. of phosphorus 
per 100 ml. of serum. 

Interpretation.—The normal phosphorus level in children is 
slightly higher than in adults on account of the need for greater 
amounts being available for ossification. Particularly in children, 
the phosphorus level is influenced by solar ultra-violet radiation 
the lowest values being found towards the end of the winter. 
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The metabolism of phosphorus is intimately connected with 
that of carbohydrates—the administration of insulin tends to reduce 
serum-phosphorus. Most of the phosphorus in whole blood is 
found in the corpuscles. 

Probably the most important application of inorganic phosphorus 
determinations is in the assessment of progress in rickets—a typical 
untreated case having an inorganic phosphorus level as low as 
2:0 mg. per 100 ml. The acidosis in severe nephritis may be 
connected with the high inorganic phosphorus (15-20 mg. per 
100 ml.) which occurs in this condition. 


ESTIMATION OF SERUM-POTASSIUM 


Specimen required.—Sufficient oxalated blood to provide 
1-0 ml. of plasma. Every precaution should be taken to ensure 
that no hemolysis takes place in the specimen either during or after 
collection, for the amount of potassium in the corpuscles is so much 
-in excess of that in the plasma that the slightest degree of lysis will 
invalidate the result. 

Some workers find that it is easier to obtain hamoglobin-free 
serum than plasma. Analyses on serum and plasma give identical 
results. 

Reagents required.— 

1. Sodium tungstate, 1-5 per cent aqueous solution. 

2. Copper sulphate, 25 per cent aqueous solution of pure 
crystalline cupric sulphate CuSO,°5H,O. 

3. Silver nitrate, 2-5 per cent aqueous solution: Store in a 
brown-glass bottle. 

4. Silver cobaltinitrite reagent: Dissolve 25 g. of crystalline 
cobalt nitrate in 50 ml. of water and add 12:5 ml. of glacial acetic 
acid. In another vessel dissolve 120 g. of sodium nitrite in 180 ml. 
of water. Add 210 ml. of this solution to all of the acidified cobalt 
nitrate solution. Nitric oxide is evolved and sodium cobaltinitrite 
is formed in solution, by the following two-stage reaction :— 


(1) NaNO, + CH,COOH = HNO, + CH,;COONa 
(2) CoNO, + 4NaNO, + 4HNO, 
= Na,Co(NO,), + NaNO, + 2NO + 2H,O 
At this stage, place the solution in the fume cupboard and draw 
air through it until the nitric oxide is completely removed. To 
ascertain that this has taken place, interpose between the solution 


and the pump, a wash-bottle containing a weak solution of potassium 
id 
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permanganate in 5 per cent sulphuric acid. Continue the aeration 
so that air is bubbled through the acidified permanganate solution 
for about twenty minutes. If evolution of nitric oxide has ceased, 
the colour of the permanganate solution will not be affected— 
decolorization takes place if nitric oxide is still being formed. The 
whole process usually takes several hours. 

If stored in the refrigerator the solution of sodium cobaltinitrite 
is usable for about four weeks. 

The completed silver cobaltinitrite: Add 1-0 ml. of 40 per cent 
silver nitrate to 20 ml. of filtered sodium cobaltinitrite solution 
immediately before use. Mix well and filter. This solution is very 
unstable :— 


Na,Co(NO,), + AgNO, = Na,AgCo(NO,), + NaNO, 


5. Wash reagent: Mix one volume of ether with two volumes 
of 95 per cent ethyl alcohol and two volumes of distilled water. 

6. Hydrochloric acid, approximately 5 N: Dilute concentrated 
hydrochloric acid with an equal volume of water. (See Appendix 6.) 

7. Sulphanilamide solution: Dissolve 0-5 g. of the pure powder 
(not tablets) in 100 ml. of 30 per cent acetic acid. The solution is 
relatively unstable and should not be used if more than one week old. 

8. Naphthyl-ethylene-diamine reagent: Dissolve 0-1 g. of 
N-(1-naphthyl)-ethylene-diamine dihydrochloride in 100 ml. of 
30 per cent acetic acid. This solution also is very unstable and 
should be freely prepared once a week. 

9. Standard potassium solution (Stock solution). Dissolve 2-229 g. 
of pure, dry potassium sulphate in water and dilute to | litre. 1-0 ml. 
of the solution contains 1-0 mg. of potassium. The solution keeps 
well if stored in the refrigerator ; a drop or two of toluene may be 
added as a preservative. 

10. Working standard solution: Dilute 1-0 ml. of the stock 
solution to 100 ml. with water. 1-0 ml. contains 0-01 mg. of 
potassium. Prepare freshly when required. 

Principles.—The estimation of potassium by this method 
depends upon the formation of an azo dye, by coupling sulphanila- 
mide with a primary amine-(in this case naphthyl-ethylene-diamine 
hydrochloride) in acid solution by means of nitrous acid formed 
by the decomposition of potassium silver cobaltinitrite. The 
amounts of potassium silver cobaltinitrite available are proportional 
to the amounts of potassium precipitated from the plasma filtrate 
and from the standard solution. The amounts of sulphanilamide 
diazotized in the Unknown and Standard solutions are therefore 
proportional to the amounts of nitrous acid formed from the 
potassium silver cobaltinitrite precipitates. 


EXAMINATION OF BLOOD 89 


Hence, the densities of colour produced by the diazotized 
sulphanilamide after coupling with naphthyl-ethylene-diamine 
dihydrochloride are a measure of the potassium originally present 
in the plasma and in the Standard solution. 


EN. N<_NH,SO, +< NH, 


chened ‘spaced 
> NH,SO,< >N= N—< NH, 


azo dye 


Technique.—Into a test-tube measure the following: 7-0 ml. 
of distilled water, 0-5 ml. of plasma or serum, 1-0 ml. of 1-5 per cent 
sodium tungstate, and 1-0 ml. of 2-5 per cent copper sulphate. 

Stopper and shake thoroughly, then add 0-5 ml. of 2:5 per cent 
silver nitrate solution. 

Stopper and shake again, then allow to stand for twenty 
minutes. 

Filter—it may be necessary to pass the fluid through the filter 
paper several times before a clear filtrate is obtained. A crystal- 
clear filtrate is essential. 

Into a 15-ml. graduated centrifuge tube measure 3:0 ml. of 
filtrate ; label the tube ‘ U’. 

Into a similar tube measure 3-0 ml. of standard potassium solution 
(= 0-03 mg. of potassium). Label the tube ‘S’. 

To each tube add 1-0 ml. of 95 per cent alcohol and 1-0 ml. of 
distilled water, mix, and place in a water bath at a temperature of 
20° C. for five minutes. 

Add 2-0 ml. of silver cobaltinitrite solution, mix thoroughly with 
a thin glass rod (use a separate rod for each tube), and replace in 
the water bath for two hours. 

Centrifugalize for twenty minutes at 3000 r.p.m. Using a 
capillary pipette, carefully remove the supernatant fluid down to 
the 0-2 mark. Add 7-0 ml. of wash solution by delivering it down 
the side of the tubes, disturbing the precipitate as little as possible, 
i.e., wash the sides of the tube rather than the precipitates. 

Centrifugalize again for twenty minutes, then carefully decant 
the supernatant fluid and drain the tubes by inverting in a beaker 
with a pad of filter-paper in the bottom. 

To each tube then add 10 ml. of N/5 sodium hydroxide solution, 
breaking up the packed precipitate by adding at first about 0-5 ml. 
of the solution and sharply tapping the tube. Place in a boiling 
water bath for ten minutes. Cool, and make up the volume to 
10 ml. with water. Mix thoroughly and centrifugalize. 
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From each tube transfer 2-0 ml. of the supernatant fluid to two 
100-ml. volumetric flasks, labelled ‘U’ and ‘S’. Add 5-0 ml. 
of water, 1-0 ml. of 5-N hydrochloric acid, and 2:0 ml. of 0-5 per 
cent sulphanilamide solution. 

Mix by shaking (do not invert), and allow to stand for 
three minutes, then add 1:0 ml. of naphthyl-ethylene-diamine 
dihydrochloride reagent. Dilute with water to the 100 ml. mark, 
mix, and allow to stand for five minutes before colorimetric 
comparison. 

Set the Unknown solution at a depth of 20 mm. 

Calculation.—The stock standard solution contains 2-229 g. 
of potassium sulphate per litre. This solution contains 1-0 mg. 
of potassium in 1-0 ml. 

The working standard is prepared by diluting the stock solution 
1 in 100. 3-0 ml. of this dilute solution will therefore contain 
0-03 mg. of potassium. 

The original dilution of the plasma was 1 in 20, and of this, 
3:0 ml. were used for the precipitation of potassium as the 
triple nitrite. The precipitate was thus derived from 0-15 ml. 
of plasma. 


Hence, 0:15 ml. of plasma contains < 0:03 mg. of potassium ; 


teas. 100 
100 < »» contain U x 0-03 x 0-15 


Ss 
=G * 20 mg. of potassium. 


By setting the depth of the Unknown at 20 mm., the reading of 
the Standard gives the result in mg. of potassium per 100 ml. of 
plasma directly. 

Interpretation.—The physiological function of potassium in 
the plasma is unknown, though it may represent the excess which 
is not, for the time being, required by the tissues and cells where 
normally potassium is the chief base. Potassium and sodium 
concentrations in cells and plasma are inversely proportional— 
potassium being in greater concentration in the cells, whilst 
sodium is more abundant in the plasma. The function of 
both elements is largely concerned with maintenance of osmotic 
equilibrium and acid-base balance. Potassium is increased in 
Addison’s disease and, in some cases, in uremia and bronchial 
asthma. Estimations are more of academic interest than practical 
applicability. 
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ESTIMATION OF SERUM-BROMIDES 


Specimen required.—10 ml. of oxalated or clotted blood. 

Reagents required.— 

1. ‘T'richloracetic acid, 5 per cent aqueous solution. 

2. Sodium chloride-trichloracetic acid mixture: To 0-12 g. of 
sodium chloride add 70 ml. of 5 per cent trichloracetic acid. Dilute 
to 100 ml. with water. 

3. Gold chloride, 0-5 per cent aqueous solution. 

4. Standard bromide (Stock solution) : Dissolve 1-0 g. of sodium 
bromide in water and dilute to 100 ml. in a volumetric flask. 5-0 ml. 
contain 50 mg. of sodium bromide. 

5. Standard bromide (Working solution) : Dilute 5-0 ml. of the 
stock solution to 100 ml. with water. 1-0 ml. contains 0-5 mg. of 
sodium bromide. 

Principle.—Gold chloride reacts with bromides in the serum 
filtrate to form gold bromide, the brown colour of which is com- 
pared colorimetrically with that of a standard solution of sodium 
bromide treated similarly. 

Technique.—To 16 ml. of 5-0 per cent trichloracetic acid add 
4-0 ml. of serum, with constant shaking. Allow to stand for thirty 
minutes, then filter. 

Measure 10 ml. of the filtrate into a tube labelled ‘ U’. 

Into a second tube labelled ‘S 1’ measure 4-0 ml. of standard 
bromide solution and 6-0 ml. of sodium chloride-trichloracetic acid 
diluting fluid. 

Into a third tube labelled ‘S 2’ measure 8-0 ml. of standard 
bromide solution and 2-0 ml. of sodium chloride-trichloracetic acid 
diluting fluid. 

Add 1-0 ml. of 0:5 per cent gold chloride to each tube and mix. 

Compare ‘U’ in the colorimeter with the Standard which it 
most nearly matches in density of colour. Set the Standard ‘5S 1’ 
or ‘S 2’ at a depth of 10 mm. 

Calculation.—The serum is diluted 1 in 5 in the preparation 
of the protein-free filtrate, of which 10 ml. are used in the estimation. 
This volume corresponds to 2-0 ml. of serum. The weaker Standard 
‘S 1’ contains 2:0 mg. of bromide; therefore :— 


S 
2:0 ml. of serum contain — x 2:0 mg. of bromide 


U 
S 100 
100 7 2 + U x 2:0 x ca 


= = x 100 mg. of bromide. 
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If the Standard is set at a depth of 10 mm., then 1000 divided 
by the reading of the Unknown gives the result as mg. of bromide 
per 100 ml. of serum. If the stronger Standard is used, multiply 
the figure so obtained by 2:0. 

Interpretation.—Individual susceptibility to the toxic effects 
of bromides varies considerably ; some persons show signs of 
intoxication with serum-bromide concentrations of less than 100 mg. 
per 100 ml., whilst others appear to withstand concentrations in 
excess of 300 mg. without ill effects. 


ESTIMATION OF SERUM-PHOSPHATASE 


Specimen required.—Serum or oxalated plasma. 1:0 ml. 
should be available. 

Reagents required.— 

1. Substrate: Dissolve 2:18 g. of disodium phenyl phosphate 
in water and dilute to 1 litre. Add a few drops of chloroform as 
a preservative, and store in the refrigerator. 

2. Alkaline buffer solution : Dissolve 6-36 g. of anhydrous sodium 
carbonate and 3-36 g. of sodium bicarbonate in water and dilute 
to 1 litre. Store in the refrigerator. 

3. Acid buffer solution : Dissolve 42-0 g. of citric acid (crystalline) 
in water and add 376-0 ml. of N/1 sodium hydroxide. Make up 
the volume to | litre and store the solution in the refrigerator. 

4. Folin and Ciocalteu’s reagent: Dissolve 100 g. of sodium 
tungstate, and 25 g. of sodium molybdate in 700 ml. of water. Add 
50 ml. of 85 per cent ortho-phosphoric acid and 100 ml. of pure 
hydrochloric acid. Reflux for eight hours. If the resulting solution 
is green, add a trace of bromine and boil off the excess. If any 
precipitate forms, filter. The final solution should be a rich yellow 
colour. 

For use in the determination of phosphatase, the solution 
should be diluted 1 in 3 with water. 

5. Sodium carbonate, 20 per cent aqueous solution. 

6. Stock phenol standard: Dissolve 1-0 g. of pure crystallized 
phenol in N/10 hydrochloric acid and make up the volume to 
1 litre. 

7. Working standard plus reagent: Measure 1-0 ml. of the stock 
phenol solution into a 100-ml. volumetric flask half full of water. 
Add 28:25 ml. of diluted Folin and Ciocalteu’s reagent and make 
up the volume to 100 ml. with water. 

Note: For those workers who prefer to use Bodansky’s method 
for the determination of phosphatase, the substrate and alkaline 
buffer solutions described above are satisfactory. As citric acid 
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interferes with the determination of phosphorus, the following acid 
buffer solution should be substituted :— 

Prepare a 0-2 M solution of sodium acetate by dissolving 27:2 g. 
of sodium acetate, NaH(COO),:3H,O, in water and diluting to 
1 litre. 

Prepare a 0-2 M solution of acetic acid by diluting 11:3 ml. of 
glacial acetic acid in water up to a volume of | litre. 

The buffer solution (pH 4-9) consists of a mixture of 65 ml. of 
0:2 M sodium acetate and 35 ml. of 0:2 M acetic acid. 

Principle.—The enzyme phosphatase exists in the blood in two 
forms, each of different significance, one being most active at 
pH 9-3—the so-called alkaline phosphatase ; the other most active 
at pH 5-0—the acid phosphatase. The general principle underlying 
the estimation of both forms is the same in any method, the only 
points of difference being the reactions of the buffered substrates 
and the periods of incubation. 

Two methods are available, the results being not directly com- 
parable owing to the different arbitrary units in which the con- 
centrations of the enzyme are expressed. One method depends 
upon the ability of the enzyme to hydrolyse a suitably buffered 
solution of sodium glycerophosphate with liberation of phosphate, 
which is then determined by an application of the usual molybdic 
acid technique :— 


C,;H,;(OH),PO,Na, + H,O > Na,HPO, + C3H,(OH), 
(phosphatase) 


The second method, to be described here, is based upon the 
hydrolysis of disodium phenyl phosphate, the liberated phenol, 
C,H,(OH), being determined by colorimetric comparison with a 
standard solution of phenol similarly treated with Folin and 
Ciocalteu’s reagent :— 

Na,C,H;PO, + H,O > C,H,;(OH) + Na,HPO, 
(phosphatase) 


The addition of Folin and Ciocalteu’s reagent—a complex 
phospho-tungsto-molybdic acid, produces a blue colour due to the 
reduction of molybdic acid, lower oxides of molybdenum being 
formed, particularly molybdenum blue Mo,0;-MoOsg. 

Technique.—The method is the same for both acid and alkaline 
phosphatase, except that the periods of incubation are different, 
and the reaction of the buffered substrate for alkaline phosphatase 
is pH 9-3, and for acid phosphatase is pH 5-0. 

In a centrifuge tube place 2-0 ml. of buffer solution, 2-0 ml. of 
substrate. 
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Place in a 37° C. water-bath for three or four minutes to allow 
the mixture to warm to the temperature of the bath. Then add 
0:3 ml. of serum, and continue the incubation for a period of 
3 hours for acid phosphatase, 15 minutes for alkaline phosphatase. 
It is essential that the periods of incubation be accurately timed. 

In order that the reading for acid and alkaline phosphatases may 
be carried out at the same time, arrange to incubate the alkaline 
buffered substrate p/us serum 2 hours and 45 minutes after the 
incubation of the acid phosphatase was begun. 

Controls—To determine the concentration of pre-formed 
phenolic substances in the serum it is necessary to include control 
tubes for both acid and alkaline phosphatase. Mix 2-0 ml. of sub- 
strate and 2-0 ml. of buffer in two appropriately labelled tubes a 
minute or two before the completion of the period of incubation 
for the actual phosphatase tubes. Immediately the incubated 
tubes are withdrawn from the bath, add 0-3 ml. of serum to both 
of the control tubes. 

To all four tubes then add 1-7 ml. of diluted Folin and Ciocalteu’s 
reagent. Mix thoroughly, allow to stand for five minutes for the 
precipitated protein to flocculate, then centrifugalize. 

Transfer 4-0 ml. of the clear supernatant fluid from each of the 
tubes into separate, labelled test-tubes. Into a fifth tube measure 
4-0 ml. of the standard phenol plus reagent. 

To each tube add 1-0 ml. of 20 per cent sodium carbonate 
solution, and place the tubes in the 37° C. water-bath for ten 
minutes to allow of maximum development of colour. Allow to 
cool by placing the tubes in a vessel of cold water for two or three 
minutes, then compare in the colorimeter as follows :— 

Place the Standard in the right-hand cup, and leave it there 
throughout. In the left-hand cup place the acid phosphatase 
control, match the colours with the left-hand cup set at a depth of 
20 mm., and read the value of ‘S’. 

Transfer the acid phosphatase ‘test’ to the left-hand cup and 
set at a depth of 20 mm. Again match the colours and read the 
value of ‘S’. From the reading for the ‘ test’ subtract the reading 
for the control and divide the result by 3. This is because the unit 
of acid phosphatase is equivalent to 1-0 mg. of phenol liberated in 
lhour. The period of incubation is extended to three hours because 
acid phosphatase tends to catalyze the hydrolysis of the substrate 
relatively slowly. 

The value for alkaline phosphatase is determined in the same 
way, except that the difference between the test and control is not 
divided. This implies that fifteen minutes is a sufficiently long 
period for alkaline phosphatase to exert its effect. 
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Calculation.—The stock standard contains 1-0 mg. of phenol 
in 1:0 ml. ‘The working solution (i.e., the standard plus reagent) 
contains 0-01 mg. in 1:0 ml. The 4-0 ml. used in the actual test 
will contain 0-04 mg. of phenol. The addition of 28-25 ml. of 
dilute Folin and Ciocalteu’s reagent per 100 ml. of the working 
standard gives the same concentration of the reagent as is present 
in the protein-free centrifugates. 

The dilution of serum in the preparation of the reagent-treated 


aA 
serum 18 = « Therefore, 4-0 ml. of supernatant fluid will corre- 


spond to a volume of e < 4:0 = 0-2 ml. of serum. 


Therefore, 0-2 ml. of serum contains S x 0:04 mg. of phenol 


S 100 
100 is x tai fot ; eee 
contain U x 0:04 x 02 


S 
a tice 20 mg. of phenol. 


If the Unknown is set at 20 mm., then the reading of the Standard 
gives the result directly in mg. of phenol per 100 ml. of serum. 

The unit of phosphatase by this method is equivalent to 1-0 mg. 
of phenol; therefore the result of the estimation indicates the 
number of units of phosphatase liberating phenol from an alkaline 
substrate in fifteen minutes (alkaline phosphatase), and from an 
acid substrate in one hour (acid phosphatase), at 37° C. 

Notes: It is necessary to take strict precautions to ensure that 
tubes and other glassware used are free from traces of phenol. 
This is particularly important in a laboratory where the Pandy test 
is carried out with any frequency. 

Antiseptics and disinfectants, and organic poisons such as fluoride, 
must not be allowed to come into contact with apparatus likely to 
be used in phosphatase estimations. 

Interpretation.— 

Acid Phosphatase.—High values occur in the presence of bony 
metastases from carcinomatous prostate tissue. Reduction of 
phosphatase activity is observed during the early stages of oestrogen 
treatment. 

Alkaline Phosphatase—In infancy and childhood, and during 
the period of healing of a fracture, the alkaline phosphatase is 
elevated. High values may also be encountered when bone is 
being formed or rapidly destroyed, as in rickets, osteomalacia, 
hyperparathyroidism, osteitis deformans, and certain forms of 
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osteogenic sarcomata ; occasionally in multiple myeloma and in 
carcinomatosis of bone. Increased alkaline phosphatase values are 
frequently found in obstructive jaundice, and less frequently and 
to a lesser extent, in other forms of jaundice. 


ESTIMATION OF SERUM ASCORBIC ACID 
(VITAMIN C) 


Specimen required.—Sufficient oxalated blood to provide 
slightly more than 2:0 ml. of plasma. The estimation must be 
performed as soon as possible after the specimen has been collected. 

Reagents required.— 

1. Metaphosphoric acid (HPO;): A 5-0 per cent solution in 
water, which must be freshly prepared each time it is required, 
for on standing HPO, is converted into H,PO,, which has no 
precipitating affect upon protein. 

2. Potassium bi-iodate, N/100: Dissolve 0-325 g. of the salt 
in water and dilute to 1 litre. The calculation of the equivalent 
weight is based upon the following reaction :— 

Iodine is liberated from potassium bi-iodate in the presence of 
iodide in acid solution :— 


10 KI + KH(IO,), + 6H,SO, 
— 61, + 5K,SO, + KHSO, + 6H,O 


The molecular weight of potassium bi-iodate is 390. 


390 g. of pot. bi-iodate = 6 x 127 x 2 g. of iodine 
a2 5 ee ae 3 == 127) ov ofsiodine 


That is, the iodometric equivalent of potassium bi-iodate is 32-5— 
one-twelfth of the molecular weight. A N/100 solution contains 
0-325 g. per litre. 

3. Standard solution of ascorbic acid: Dissolve 25 mg. of the 
pure acid in 10 per cent acetic acid and dilute to 100 ml. The 
accuracy of the solution should be checked as follows :— 

In a small flask place about 10 ml. of water, about 0-5 g. of 
potassium iodide, 5-0 ml. of 2-N sulphuric acid, and 5-0 ml. of 
N/100 potassium bi-iodate. Iodine is liberated according to the 
equation upon which is based the calculation of the equivalent 
weight of potassium bi-iodate (see above). Titrate with the ascorbic 
acid solution until the yellow colour has nearly gone, then add 
two drops of soluble starch solution (for preparation see p. 136), 
and continue the titration to the end-point. 
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Two atoms of iodine oxidize one molecule of ascorbic acid, with 
the formation of dehydroascorbic acid :-— 
I, + C,H,O, = C,H,O, + 2HI 


(Oxidation is much more rapid in alkaline than in acid solution and 
is markedly catalyzed by the presence of minute traces of copper.) 
The equation shows that :— 


2 x 127 g. of iodine = 176 g. of ascorbic acid. 


II 


Hence, 127 mg. 88 mg. * , 


1000 ml. of N/100 iodine contain 1-27 mg. iodine 
5-0 ml. of N/100 iodine (= 5-0 ml. N/100 bi-iodate) 
contain 6:35 mg. iodine. 

88 x 6:35 
127 
= 4:4 mg. of ascorbic acid. 


Therefore, 6-35 mg. of iodine = 


If A ml. of the ascorbic acid solution were required to reduce 
5-0 ml. of N/100 potassium bi-iodate, than 4-4 mg. of ascorbic acid 
are contained in A ml. of the solution, and 100 ml. of the solution 
will contain 


4 x 100 = 440 
A A 


If the ascorbic acid has been accurately prepared, 5:0 ml. potas- 
sium bi-iodate require 17-6 ml. of the solution for complete reduction. 

4. Standard solution of the dye 2:6 dichloro-phenol-indo- 
phenol: Dissolve 50 mg. of the pure dye in water with the aid of 
heat: cool and make up the volume to 100 ml. 1-0 ml. of the 
solution should contain 0-5 mg. of dye, but the accuracy of 
the solution needs to be checked by titration with the ascorbic acid 
solution standardized according to the method described above. 

Measure 1-0 ml. of the solution of dye into a test-tube and add 
0-1 ml. of glacial acetic acid. Titrate the mixture with the ascorbic 
acid solution until the red colour of the dye is discharged owing 
to oxidation to the leuco-base. (The dye is an indicator which is 
red in acid solution, blue in alkaline solution, and in its oxidized 
form is colourless.) 


C,H,O, + 0: C,H,Cl, : N-C,H-OH 
— C,H,0, + HO:C,H,Cl, : NH-C,H,OH. 


The volume of acid used should be 1:0 ml. (= 0-25 mg. of 
ascorbic acid). That is, 1-0 ml. of the solution of dye is equivalent 


mg. of ascorbic acid. 
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to 0:25 mg. of ascorbic acid. If the volume of acid used in the 
titration differs from 1-0 ml. calculate the amount of ascorbic acid 
to which 1-0 ml. of dye solution corresponds. 

The standardized solution of dye may now be used for the 
determination of ascorbic acid in both blood and urine. For the 
technique for urine, see p. 138. 

Principles.—This will be clear from the foregoing description of 
the standardization of the dye solution. The function of acetic and 
metaphosphoric acids is to inhibit atmospheric oxidation (catalyzed 
by traces of certain metallic ions, particularly copper), to inactivate 
oxidizing enzymes, to precipitate proteins and to liberate ascorbic 
acid bound to protein. 

Technique.—In a centrifuge tube place 2:0 ml. of plasma, 
4-0 ml. of distilled water, and 4-0 ml. of 5 per cent metaphosphoric 
acid. After standing for a few minutes, separate the precipitated 
proteins by centrifugalization. 

Transfer 2-0 ml. of the supernatant fluid to a test-tube and titrate 
with the dye solution until the first appearance of a faint pink colour. 
This indicates the end-point, at which the first drop of dye in excess 
of that which the amount of ascorbic acid in the plasma is capable 
of reducing to the leuco-base, has been added. 

Calculation.—The titration figure (in ml.) multiplied by the 
ascorbic equivalent of 1-0 ml. of the dye solution, gives the amount 
of ascorbic acid in the 2:0 ml. of protein-free supernatant fluid 
used in the titration. To express the result in terms of ascorbic 





acid per 100 ml. of plasma, multiply by = 


Interpretation.—As ascorbic acid levels in plasma tend to 
fluctuate widely and to be influenced by intake prior to testing, it 
is essential to collect blood whilst the patient is fasting, i.e., having 
had no food for twelve hours. Plasma ascorbic acid levels above 
0-7 mg. per 100 ml. are regarded as normal, whilst less than 
0-4 mg. per 100 ml. indicates a state of sub-saturation, with either 
frank scurvy or clinical signs indicating its possible presence. 
Some authorities consider these figures too low and assert that 
1-2 mg. of ascorbic acid per 100 ml. of blood is the lower limit of 
normality. 

In testing the degree of saturation with ascorbic acid, normal 
individuals excrete 25-50 per cent of a test dose of 500-1000 mg. 
of ascorbic acid in the subsequent twenty-four hours, whilst the 
plasma shows a high level for a number of hours. In avitaminosis-C, 
on the other hand, plasma ascorbic acid falls rapidly after ingestion 
of such a large dose. : 
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ESTIMATION OF THE CARBON-DIOXIDE- 
COMBINING POWER OF PLASMA 


Specimen required.—10 ml. of oxalated blood, from which 
as much plasma as possible is obtained by centrifugalization and a 
capillary pipette and teat. 

Reagents required.— 

1. Ammonia, 1-0 per cent aqueous solution. 

2. Caprylic alcohol. 

3. Tartaric acid, 20 per cent aqueous solution. 

Principles.—Oxalated plasma is saturated with carbon dioxide 
by shaking in a suitable container with either expired alveolar air 
or with carbon dioxide from a cylinder. The plasma is then acidified 
within a closed apparatus and the liberated carbon dioxide measured 
at atmospheric pressure. The volume of carbon dioxide represents 
the amount which the volume of plasma used is capable of holding 
in solution. 

Technique.—Pipette as much plasma as possible into a separating 
funnel and fill with alveolar air or with carbon dioxide from a 
cylinder. Shake and rotate the funnel in such a way that the plasma 
is thoroughly mixed with the gas, as much as possible of which is 
thereby dissolved. Two minutes of such treatment is usually 
sufficient to saturate the plasma with carbon dioxide. 

Before commencing an estimation the apparatus must be cleaned, 
the taps greased, and a test made for air leaks, as follows: Raise the 
reservoir to position | and carefully open the tap E so that mercury 
rises into the funnel B. Also fill the outlet tube G by reversing 
tap E. Close tap E£, allowing a drop of mercury to remain in B, 
then produce a Torricellian vacuum in the bulb A by lowering the 
reservoir to position 2. If there are no air leaks, and if the bulb 
is completely filled with mercury when the reservoir is raised 
sharply to position 1, the mercury will strike the tap & with a 
metallic ‘ click’, and no air space will be visible below the tap. 

Having thus ascertained that the apparatus is airtight and com- 
pletely filled with mercury when the reservoir is in position 1, wash 
out the funnel B with 1 per cent ammonia. Remove all but a drop 
or two of ammonia solution using either a capillary pipette and teat 
or a suction pump. 

Measure 1:0 ml. of carbon-dioxide-saturated plasma into the 
funnel B and allow it to enter the chamber A by lowering the 
reservoir to position 2 and cautiously opening the tap E. Wash 
out the funnel B with two 0-5 ml. portions of distilled water and 
a drop of caprylic alcohol, all of which admit to chamber A in a 
similar manner. No air must be allowed to enter the chamber. 
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In the same way add 0-5 ml. of 20 per cent tartaric acid. Remove 
the apparatus from the stand and shake the contents thoroughly 


for five minutes. 
Replace the apparatus upon the stand and open the tap F, at the 


same time lowering the reservoir to position 3. The contents of 
the chamber A will pass into the trap D. By cautious manipulation 


Mercury reservoir 
Position | 
G 
Y 


C D 
Position 2 
Thick walled rubber tubing 
----- wired on and connected to 
mercury reservoir 
Position v 


Fig. 4.—Van Slyke’s apparatus for estimation of CO,-combining 
power of plasma. ‘The reservoir is connected to the main apparatus, 
by a rubber tube, not shown in the figure. 






of the tap F and the reservoir, empty chamber 4 and the bore of 
the tap F completely and leave no gas-filled space above the level 
of the fluid in the trap D. 

Reverse the tap F and raise the reservoir so that the mercury 
once again rises into the chamber A through the tube C, leaving 
the plasma-acid mixture in the trap D. By carefully raising the 
reservoir, a point is reached at which the mercury in the reservoir 
and that in the chamber A are at the same level. The gas in 
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chamber A will then be at atmospheric pressure and its volume 
may be read on the graduated stem of the chamber. 

Correct the observed volume for barometric pressure. By 
reference to the graph (Fig. 5), the figure obtained is found to 
correspond to the number of millilitres of carbon dioxide (at 0° C.) 
bound as bicarbonate by 100 ml. of plasma. The graph is applicable 
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Fig. 5. 


only if the stated volumes of plasma, water, and acid are used. A 
correction may be applied if more or less than these volumes are 
used, but in any case the total volume of acidified plasma must be 
exactly 2:5 ml. 

As will be seen from the graph, the effect of temperature upon 
the corrected volumes of carbon dioxide is very slight and may be 
ignored altogether when the estimation is performed for clinical 
purposes. 

Interpretation.—The carbon dioxide capacity indicates not 
only the alkali reserve of the blood but also that of the body as a 
whole. The normal range for an adult at rest is 53-70 volumes 
per 100 ml. Mild acidosis gives a reading of between 40 and 53 
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volumes ; acidosis with clinical signs of acid intoxication gives a 
reading of 31-40 volumes, whilst a carbon dioxide capacity below 
31 is associated with severe acid retention. 

‘ Alkali reserve’ is a term applied to carbon dioxide bound as 
bicarbonate with bases which have not already been bound by 
other acids, and in that form is available for the neutralization of 
additional acid. Under normal conditions the kidneys are able to 
excrete these acids without calling upon the reserve of bicarbonate, 
a complex mechanism which results in the elimination of an acid 
urine, whilst the blood remains alkaline. 

Acidosis is a condition caused by the retention, or excessive 
production of non-volatile acids. In severe diabetes the condition 
is due to the abnormal metabolism of fats which occurs when the 
supply of endogenous insulin is inadequate to promote the assimila- 
tion of carbohydrates ; as a result ‘ ketonic acids’, such as aceto- 
acetic and beta-hydroxybutyric acids, accumulate, and at the same 
time the reserve alkali is depleted in the effort to maintain the 
acid-base balance. 

In nephritis the alkali reserve is squandered by acids retained by 
inefhicient kidneys. 

In nearly all cases, however, in which there is no direct involve- 
ment of the respiratory mechanism, the supply of carbon dioxide 
is so regulated that the plasma pH remains constant even though the 
alkali reserve may be seriously depleted. In the terminal stages 
of a fatal acidosis the accumulation of acid overwhelms the available 
bicarbonate, so that the pH of the blood drops below the critical 
level of 7-2, at which reaction vitality ceases. 


DETECTION AND ESTIMATION OF 
SERUM-BILIRUBIN 


Specimen required.—Sufficient clotted or oxalated blood to 
provide at least 1-0 ml. of serum or plasma. 

Reagents required.— 

1. van den Bergh reagent A: Dissolve 1-0 g. of sulphanilic acid 
in | litre of 1-5 per cent hydrochloric acid. The process of solution 
is slow and may not be complete until after twenty-four hours. 

2. van den Bergh reagent B: Dissolve 0:5 g. of sodium nitrite 
in 100 ml. of distilled water. This is an unstable solution and 
should be freshly prepared at least once per month. 

3. Ehrlich’s diazo reagent : Add 0:15 ml. of reagent B to 5-0 ml. 
of reagent A immediately before use. The reagent is very unstable 
and should not be used if more than two or three hours old. 

4. Ammonium sulphate, saturated aqueous solution. 
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5. Absolute ethyl alcohol. 

6. 67 per cent ethyl alcohol: Dilute 67 ml. of absolute ethyl 
alcohol to 100 ml. with water. 

7. Artificial’ bilirubin standard solution: Dissolve 2-16 g. of 
anhydrous cobalt sulphate in water and dilute to 100 ml. The 
depth of colour corresponds to 0:5 mg. of bilirubin per 100 ml. 
of serum, measured as azobilirubin. The solution is stable indefi- 
nitely if kept in the dark. 

Principles.—There is little agreement upon the rationale of 
the reaction between bilirubin and van den Bergh’s reagent, a 
major difficulty being in elucidating the many problems associated 
with the identification of the form in which bile-pigment is trans- 
ported to the liver from the cells of the reticulo-endothelial system. 

A number of the clinical interpretations which were at one time 
placed upon the reaction have been shown to be fallacious, though 
the assumption leading to those interpretations may still be accepted 
as practically sound. Thus whilst azobilirubin is readily formed 
when the reagent is added to the serum of patients with obstructive 
jaundice, the presence of alcohol (or of substances containing the 
alcohol group, such as caffeine or citrates) is essential in order to 
elicit the reaction with the serum of patients with hemolytic jaundice, 
or with the serum of normal persons. It was assumed that the 
former (‘direct’) reaction was given by bile-pigment only after 
its elaboration by the liver (cholebilirubin), but bilirubin originating 
from the excessive breakdown of hemoglobin (hzmobilirubin) 
would not react, and required to be transformed into cholebilirubin 
by the addition of alcohol. In the latter form the reaction was (and 
still is) known as the ‘indirect reaction’. It is now known that 
whilst this assumption forms a convenient working hypothesis, it 
tends to over-simplify a very complicated problem. 

The complexity of the problem was realized when the ‘ biphasic’ 
reaction as an aid in the diagnosis of parenchymatous liver damage 
began to come under closer scrutiny, for an increasingly large 
number of cases in which a biphasic van den Bergh reaction was 
obtained in the absence of such conditions were described. 
Investigation has shown that the hypothesis that the biphasic 
reaction was due to the presence in the serum of bilirubin in two 
forms cannot be substantiated, and that this type of response is a 
function of the quantity of bilirubin rather than of its chemical 
nature. 

The same applies in respect of the attempt to differentiate, in 
clinical terms, direct reactions which were ‘ immediate’ and 
‘delayed’. It is now known that, in close analogy with so many 


other chemical reactions, the greater part of the azobilirubin is 
8 
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formed very quickly after the reagent is added to the serum, and 
that thereafter the reaction proceeds to completion more slowly. 

It is not possible to distinguish obstructive or hepatogenous 
jaundice by means of the van den Bergh reaction, for both conditions 
may give rise to a positive direct reaction, the colour developing 
within fifteen minutes, promptness, delay, or biphasic appearance 
being immaterial. Colour development occurring after more than 
fifteen minutes may, from a clinical point of view, be regarded as 
a negative reaction, though the technician who prefers to be non- 
commital and report just what he sees may prefer to regard such 
a reaction as ‘ delayed’ or ‘ weakly positive ’. 

Technique.—Add 0-5 ml. of fresh diazo reagent to 1-0 ml. of 
serum in a centrifuge tube and mix. 

Normally no reaction takes place, so if there is no change in 
colour after the mixture has stood for fifteen minutes, report the 
direct reaction as negative. The reddish-violet colour of the 
positive direct reaction upon jaundiced serum develops rapidly— 
usually within one minute—and reaches its maximum intensity 
within fifteen minutes. 

In order to estimate bilirubin quantitatively, proceed to the 
‘indirect’ reaction, as follows: ‘To the diazo-reagent-serum 
mixture used for the direct reaction add 1:0 ml. of saturated 
ammonium sulphate solution and 2:5 ml. of absolute alcohol. 
Mix by shaking thoroughly for a few seconds and allow to stand for 
fifteen minutes. Centrifugalize, and transfer the supernatant fluid 
to a clean tube. 

Into a similar tube place a few ml. of the standard cobalt sulphate 
solution and compare its colour with that of the centrifugate. If 
the colour of the Standard is more intense than that of the Unknown 
there is little to be gained by estimating it accurately, for it will 
lie within the normal range. The result in this case may simply 
be that “‘ bilirubin is present in a concentration of less than 0-5 mg. 
per 100 ml. of serum”. This is not likely to happen if the direct 
reaction has been found to be positive. 

If the Unknown is darker than the Standard, dilute the Unknown 
with measured volumes of 67 per cent alcohol until the colours 
match. From the amount of serum used and the degree of ultimate 
dilution, calculate the bilirubin content. If 5-0 ml. of 67 per cent 
alcohol are used to dilute the mixture, the original 1-0 ml. of serum 
is diluted 1 in 8-5, for the ammonium sulphate does not mix with 
the alcoholig solution. As the standard solution is equivalent to 
0:5 mg. (1-0 unit) of bilirubin per 100 ml. of serum, the serum under 
test contains 4-25 mg. per 100 ml. 


105 


CHAPTER IV 
CEREBROSPINAL FLUID ANALYSIS 


ESTIMATION OF CHLORIDES 


Reagents required.— 

1. Standard silver nitrate solution: Dissolve 5-814 g. of silver 
nitrate in water and dilute to 1 litre. 1-0 ml. of this solution = 
2:0 mg. of sodium chloride. 

2. Potassium thiocyanate solution (alcoholic): Dissolve 1-75 g. 
of potassium thiocyanate in 95 per cent alcohol and dilute to 1 litre. 
Titrate against the standard silver nitrate solution and adjust the 
strength so that 2-0 ml. are equivalent to 1-0 of silver nitrate. 

3. Nitric acid, concentrated. 

4. Acetone, re-distilled. 

5. Ferric ammonium sulphate: Use a saturated aqueous solution. 

Principles.—As for the estimation of plasma chlorides (see 
p. 70). 

Technique.—Measure 0-2 ml. of cerebrospinal fluid into a 
test-tube containing about 2-0 ml. of water. Add 1-0 ml. of standard 
silver nitrate solution, allow to stand for a few minutes, then add 
2:0 ml. of nitric acid and 3-0 ml. of acetone. 

Titrate with potassium thiocyanate, using two drops of ferric 
ammonium sulphate solution as indicator. 

Calculation.—2:0 ml. of thiocyanate solution are equivalent to 
1:0 ml. of standard silver nitrate solution. 

If the back-titration with thiocyanate is T ml., then (1 — =| ml. 


of silver nitrate were used to precipitate the chlorides in 0-2 ml. of 
cerebrospinal fluid. 

1-0 ml. of standard silver nitrate is equivalent to 2-0 mg. of sodium 
chloride. 


Therefore (1 — 5) 2 mg. of sodium chloride were contained 
Ah 100 ; 
in 0-2 ml. of fluid, and (1 — =) ee ak 6.2 me: ate contained in 
100 ml. of cerebrospinal fluid 


= (1 =a9 x 1000. 
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IODOMETRIC METHOD 

Principles.—As for the iodometric estimation of plasma- 
chlorides (see p. 72). As the reagents are the same as those 
described on p. 71, and the volume of fluid used gives the same 
dilution in the preparation of the protein-free filtrate, the 
calculation is the same as that described under plasma-chlorides 
On peit2: 

Technique.—Add 1-0 ml. of cerebrospinal fluid to 24 ml. of 
phosphoric-tungstic acid mixture, then add 0-3-0-4 g. of silver 
iodate. Stopper the flask and shake vigorously for half a minute. 
Filter. 

(Alternatively, to economize in the use of cerebrospinal fluid, 
use 0:5 ml. of fluid and 12-0 ml. of phosphoric-tungstic acid mixture 
plus about 0:2 g. of silver iodate. Filter through a small paper to 
avoid undue loss of filtrate.) 

Into a 100-ml. conical flask measure 9-75 ml. of filtrate and 
about 0-5 g. of sodium iodide. Mix carefully, allow to stand, for 
three or four minutes, then titrate with 0-02 N sodium thiosulphate, 
using soluble starch as indicator. 

As in the case of plasma-chlorides, the factor T x 50 gives the 
result in mg. of sodium chloride per 100 ml. of cerebrospinal 
fluid. 

Interpretation.—As the cerebrospinal fluid chlorides are 
derived from the blood-plasma through the free permeability of 
the choroid plexus, the normal range of variation is similar, though 
the cerebrospinal fluid chlorides are more concentrated, the level 
lying between 720 and 760 mg. per 100 ml., though in infants the 
concentration tends to be lower and the amplitude of variation 
greater, being of the order 650-720 mg. per 100 ml. 

Chloride values below 600 mg. per 100 ml. are highly suggestive 
of tuberculous meningitis—below 560 mg. per 100 ml. almost 
pathognomonic. In acute purulent meningitis values between 
630 and 680 are of frequent occurrence. In such cases the 
estimation is of greater value if considered in conjunction with 
the glucose content and appropriate bacteriological and cytological 
studies. - 

In acute infections such as pneumonia, in which meningeal 
symptoms may be apparent, cerebrospinal fluid chloride values 
must only be interpreted in the light of plasma-chloride estimations 
carried out at the same time, for hypochloreemia may be reflected in 
the spinal fluid findings. 

. Conversely, if the plasma-chlorides are increased as they may be 
in nephritis with chloride retention, an increase in the spinal fluid 
chlorides is to be expected. 
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ESTIMATION OF UREA AND GLUCOSE 


Urea.—The estimation of urea in cerebrospinal fluid may be 
carried out by either of the two methods described for blood urea, 
without modification. 

As urea is readily diffusable, the concentration in the spinal 
fluid closely approximates to that in the blood, and nothing is to 
be gained by withdrawing fluid only to determine its urea content. 
For the same reason, if spinal fluid is already available, the estima- 
tion may be performed on this, rendering further withdrawal of 
blood from the patient unnecessary. 

Glucose.—Glucose similarly may be estimated by any of the 
standard blood-sugar techniques. It may be mentioned, however, 
that in those conditions in which knowledge of the spinal fluid 
glucose level is most likely to be of diagnostic importance (i.e., 
meningitis, particularly of tuberculous origin), values below 60 mg. 
per 100 ml. are of common occurrence. Under these circumstances 
it is advisable to dilute the fluid only 1 in 5 or even 1 in 2:5 when 
preparing the filtrate. The subsequent calculation is adjusted 
accordingly. 

The cerebrospinal fluid glucose varies according to the level in 
the blood, the permeability of the choroid plexus and the capillaries 
of the meninges, and the rapidity with which glycolysis takes place. 

The usual normal range for cerebrospinal fluid glucose has not 
been accurately established, though it appears to be 20-30 mg. per 
100 ml. lower than the blood-sugar. In adults normal values are 
from 50 to 75 mg. per 100 ml., whilst in children up to ten years 
of age a variation between 70 and 90 mg. per 100 ml. is more 
common. Reducing substances other than glucose account for 
about 4-0 mg. per 100 ml. 

Clinically, spinal fluid glucose estimations find their most impor- 
tant application as an aid to the diagnosis of meningitis, particularly 
of tuberculous origin, in which condition glucose may virtually 
disappear from the subarachnoid space. In all types of meningitis 
the glucose is reduced, owing presumably to its utilization by the 
infecting organism and/or its hydrolysis by coexisting enzymes ; 
impairment of the permeability of the menigeal vascular endo- 
thelium may also play an important part in the cerebrospinal fluid 
glucose reduction which occurs in meningeal infections. 


ESTIMATION OF TOTAL PROTEIN 


Total protein in cerebrospinal fluid may be estimated by a 
modification (the author—unpublished) of the method described 
on p. 73 for total plasma-protein. 
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The standard solution of tyrosine is diluted 1 in 20 with N/10 
hydrochloric acid for use, otherwise the reagents are the same as 
those used for plasma proteins. 

The Standard.—Measure 2:0 ml. of dilute (1/20) tyrosine standard 
solution into a test-tube and add 1-0 ml. of 10 per cent sodium 
hydroxide solution. Add 5-0 ml. of water. 

The Unknown.—Measure 1-0 ml. of spinal fluid into a test-tube 
and add 1-0 ml. of 10 per cent sodium hydroxide. Heat in a 
boiling water-bath for thirty minutes, cool and add 6-0 ml. of 
water. 

To both tubes add 1-0 ml. of Folin and Ciocalteu’s reagent, and 
3-0 ml. of a saturated solution of sodium carbonate. 

Compare in the colorimeter after standing for thirty minutes to 
allow the maximum density of colour to develop. Set the Unknown 
at a depth of 24 mm. 

In principle, the calculation follows the same pattern as that for 
plasma-proteins, the final equation being :— 

Fe x a < 100 «x 12 = mg. of total protein per 100 ml. of fluid. 
By setting the Unknown at 24 mm., the reading of the Standard 
gives the result directly. 

Interpretation.—There appears to be little agreement upon 
what constitutes the normal range of protein concentration in the 
cerebrospinal fluid, and whilst most authorities hold that 30 mg. 
per 100 ml. is the upper limit, one not infrequently sees 45 mg. 
quoted in this respect. On the other hand, some workers believe 
that a total protein of 30 mg. per 100 ml. is slightly, but definitely, 
pathological. 

The author considers that it is undesirable to hold too rigid a 
view. Whilst admitting that a total protein as high as 30 mg. 
per 100 ml. in a normal person is not common, it is at the same time 
not necessarily indicative of central nervous system disease. In 
this connexion it may be observed, not only in respect of spinal 
fluid findings but in all biological analyses, that what is unusual or 
even in some cases, abnormal, is not necessarily pathological. 
Anomalies of structure and of function which do not appear to 
impair the efficiency of the organism are frequently met with, and 
it seems reasonable to suppose that slight or moderate deviations 
from the accepted ‘normal’ range of some chemical constituent 
of the body fluids may equally easily occur without in any way 
being associated with a condition of actual or potential ill-health. 

For practical purposes, therefore, a normal range of cerebrospinal 
fluid protein of 20-30 mg. per 100 ml. may be generally accepted. 
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The number of conditions in which the spinal fluid protein is 
increased is so large that only a few general observations will be 
made upon them. Meningitis, irrespective of the nature of the 
infecting organism, is invariably associated with a protein increase, 
the highest values having been recorded in tuberculous and 
meningococcal infections. Some infections, such as influenza, 
mumps, and typhoid, in which meningeal involvement is liable to 
occur, may cause an increase in spinal fluid protein even in the 
absence of clinical evidence of meningitis. Certain virus infections, 
such as typhus, almost always cause a protein increase. Brain 
abscesses and tumours may or may not cause a protein increase, 
depending upon the site of the lesion. Spinal tumours, particularly 
those which cause blockage of the subarachnoid space, may cause 
an increase to as much as 2000 mg. per 100 ml. 

Syphilis is notoriously liable to give rise to an increase in spinal 
fluid protein, though even in acute involvement of the central 
nervous system, figures as high as 150 mg. per 100 ml. are not 
common. General paralysis of the insane usually gives rise to a 
spinal fluid protein level of between 50 and 100 mg. per 100 ml. 

Neuritis due to a wide variety of causes results in protein increases 
which are usually minimal, but may reach figures of over 300 mg. 
per 100 ml. 

Subacute combined degeneration of the cord and some other 
degenerative processes may cause an increase up to 60 mg. per 
100 ml. Arteriosclerosis, either with or without an associated 
kidney function impairment, gives rise to a spinal fluid protein 
content which may be either normal or raised to 100 mg. or over. 

In poliomyelitis the estimation of spinal fluid protein may be 
of diagnostic importance if repeated at intervals of several days, 
for, whilst in the pre-paralytic phase normal figures are to be 
expected, with progress of the disease during the first and second 
weeks, the protein content rises to up to 300 mg. per 100 ml. 

The psychoses, unless secondary to organic lesions which may 
per se raise the protein content, are associated with essentially 
normal cerebrospinal fluids. 


‘GLOBULIN’ REACTIONS 


The widespread use of tests alleged to demonstrate excesses of 
globulins in the cerebrospinal fluid led in the past to the belief 
that in certain conditions the increase of protein was due exclusively 
to an increase in the globulin fraction. It is now realized that this 
is probably never the case, and that although the ratio between 
albumin and globulin may fall to 1: 1 in general paresis and. 2°] 
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in spinal tumours, the increase effects albumin and globulin more 
or less equally. The normal ratio is about 8:1. ‘The increase in 
globulin appears to be due to changes in the central nervous system 
and cannot be ascribed to disturbance of equilibrium between the 
plasma and spinal fluid proteins. 

The most satisfactory test for globulin increase is the so-called 
Phase 1 of the Nonne-Apelt reaction. The reaction is elicited by 
thoroughly mixing together equal volumes of spinal fluid and a 
saturated aqueous solution of ammonium sulphate. After standing 
for three or four minutes a rough quantitative estimation of the 
degree of globulin increase is possible by observing the density of 
the resulting turbidity, preferably by holding the tube against a 
black background. Normal fluids show either no change in the 
clarity of the fluid, or there is the very faintest suspicion of opales- 
cence. Fluids rich in globulin show a dense, milky turbidity and 
the mixture may be opaque. 

As a test for globulin the Pandy test cannot be recommended. 
Experiments in which the author collaborated have shown that a 
‘ positive’ Pandy reaction reflects not an increase in globulin, but 
an increase in total protein, and may therefore be regarded more 
as a test for albumin than a test for globulin. 

The Takata-Ara reaction has been utilized in the chemical 
examination of the cerebrospinal fluid, but there is no evidence 
that it is of any practical value. 


LANGE’S COLLOIDAL GOLD REACTION 


When added to a colloidal ‘ solution’, globulin tends to cause 
aggregation of the colloidal particles so that they precipitate relatively 
rapidly. Albumin, on the other hand, has a ‘ protective’ action, 
and tends to maintain the colloidal state. If a mixture of globulin 
and albumin, such as is present in spinal fluid or blood-plasma, is 
added to a colloidal ‘ solution ’, the degree of precipitation resulting 
is a measure of the ratio existing between the globulin and albumin 
fractions. The total protein as such, is of relatively small importance. 

The colloidal gold used in Lange’s test is not easy to prepare in 
such a way that results obtained with it are comparable to those 
obtained with a previous batch; it is, in fact, one of the most 
‘ temperamental ’ reagents in routine use in a biochemical laboratory. 
For this reason many workers prefer to use a commercially produced 
solution of proven reliability, rather than undertake the hazardous 
task of making their own. 

However, for those who have the time and patience to prepare 
their own colloidal gold, the following is suggested as a relatively 
reliable procedure. (The actual technique of preparation is neither 
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difficult nor lengthy—the need for time and patience arises from 
the fact that each batch has to be standardized in accordance with 
results obtained with the previous batch when tested with known 
normal and known paretic fluids; and that even with experience, 
unsatisfactory solutions frequently reward one’s efforts, for reasons 
which are usually inapparent.) 

To 230 ml. of triply distilled water add 2-0 ml. of 1-0 per 
cent aqueous gold chloride, either AuCl,-NaCl-2H,O or 
AuCl,-KCI-2H,O. Heat to a temperature of 90-95°C., then 
add 2-0 ml. of 5-0 per cent sodium citrate (C;H,(COONa),). 

Continue heating until all trace of blue has disappeared. The 
final solution should be cherry red, with not more than the slightest 
trace of fluorescence. 

The gold chloride sometimes offered by chemical manufacturers 
has the formula AuCl,-HCl-3H,O and is too strongly acid for 
the preparation of colloidal gold. 

Standardization.—Into each of four flasks measure 50 ml. of 
the prepared gold sol and add to each respectively 0-15 ml., 0:10 ml., 
0-05 ml., and 0-025 ml. of N/10 hydrochloric acid. 

By the customary technique, set up each acidified sol against a 
normal spinal fluid and a known paretic fluid, and allow to stand 
overnight. Select the mixture which gives the strongest reaction 
with the paretic fluid, yet a reaction no stronger than 0011000000 
with the normal fluid. 

To the bulk of the sol add the calculated volume of N/10 hydro- 
chloric acid on the basis of the result of the preliminary test. To 
avoid undue precipitation of the sol during the addition of the 
acid, it is essential to agitate thoroughly as each drop is delivered. 

Technique of the Test.—Set up eleven tubes in a rack; the 
dimensions of the tubes are immaterial, though it is desirable 
always to use tubes of the same size so that results are comparable. 
Most workers prefer tubes with an internal diameter of about 
12 mm. 

Into tube 1 measure 0-9 ml. of 0-4 per cent sodium chloride 
in doubly distilled water prepared in an all-glass still. ‘To the other 
tubes add 0:5 ml. of the same solution. Add 0-1 ml. of spinal 
fluid to tube 1, mix and transfer 0-5 ml. to tube 2. Continue 
similarly along the row up to tube 10, from which tube discard 
0-5 ml. Tube 11 acts as a control. 

To avoid introducing a pipette into the stock gold sol, transfer 
a sufficient quantity of the sol to a flask or large test-tube, from 
which measure 2:5 ml. of the sol into each of the tubes in the rack. 
Mix by shaking and rotation but do not invert, either on to the 
finger, rubber stopper, or other surface, for the colloidal state of 
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the mixture may be rapidly destroyed by the presence of foreign 
substances. 

Set the rack of tubes aside for twenty-four hours, then read 
according to the degree of precipitation which has occurred. Unless 
precipitation is complete, the phenomenon manifests itself not as 
a clearing of the mixture, but as a change of colour, due to the 
presence of a blue, finely granular precipitate suspended in the 
red medium. Record the results as numerals which indicate relative 


degrees of precipitation :— 


Complete precipitation 
Greyish-blue 

Blues. Se 
Reddish-blue 
Bluish-red 

No change 


OrFNW HW 


Interpretation.—It is not generally realized how empirical a 
test the colloidal gold reaction is. The significance of the ‘ paretic ’ 
curve is fairly well established, in that it occurs with far greater 
frequency in certain types of syphilitic involvement of the central 
nervous system than in any other conditions. There is, however, 
a vast range of possible results obtainable with the test, some of 
which cannot be interpreted in precise clinical terms, the rigid 
classification of results into ‘ paretic’, ‘tabetic’, ‘ meningitic’, 
and ‘normal’ taking no account of the large number and variety 
of results which cannot be placed in any of these categories. 

It is generally agreed that precipitation is due to a disturbance 
of balance between the globulin and the albumin fractions of the 
spinal fluid, but as this occurs in a great number of conditions, 
some of which are not accompanied by clinical signs of central 
nervous system damage, the test has a very limited use. There is a 
close analogy between the colloidal gold reaction and the estimation 
of the sedimentation rate of the erythrocytes, which is also depen- 
dent upon globulin/albumin balance—in the same way as an 
accelerated sedimentation rate is indicative of an infective or 
degenerative or metabolic abnormality somewhere in the body, so 
also is the colloidal gold reaction a pointer to the possibility that 
some similar process may exist in the nervous system. 

In general, it may be said that a normal cerebrospinal fluid will 
give a colloidal gold result of the order 0110000000, cases in which 
no precipitation at all occurs being extremely rare. Infective 
conditions resulting in an increase of protein chiefly affecting the 
albumin fraction, such as the various forms of meningitis give 
results like 1122332100. Syphilitic disease, being prone to elevate 
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the globulin, is associated with results in which the maximum 
precipitation takes place at the left; general paralysis, when 
untreated, gives a fairly typical result—5555443210. Tabes in 
its various forms gives results varying from a ‘ weak’ paretic 
curve, such as 5444332100, or, more typically, 2344433210, to 
2233221000. Disseminated sclerosis frequently gives a ‘ paretic’ 
curve, but unless syphilitic infection is also present, the Wassermann 
reaction is negative. 

The above may be regarded as the only conditions in which the 
colloidal gold reaction strengthens or excludes a diagnosis—the 
nature of the result obtained in other conditions may be of some 
academic interest but is of no practical value. 
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CHAPTER V 
ANALYSIS OF THE FECES 


ESTIMATION OF FAT IN FECES 


Reagents required.— 

1. Alcoholic N/10 sodium hydroxide. Dissolve 4-2 g. of sodium 
hydroxide in a few ml. of distilled water and make up the volume 
to 1 litre with absolute methyl alcohol. After standing overnight, 
filter and determine the exact strength by titration with N/10 oxalic 
acid, using phenolphthalein as indicator. The strength of the 
alkali may be adjusted to exactly N/10 by dilution with methyl 
alcohol, or a factor may be applied. The former procedure is, in 
the end, less troublesome. 

2. Oxalic acid N/10: Dissolve 0-6302 g. of pure crystalline oxalic 
acid in water and make up the volume to | litre with water. 

3. Phenolphthalein: Dissolve 1-0 g. of phenolphthalein in 
100 ml. of 70 per cent ethyl alcohol. 

4. Hydrochloric acid, 9-0 per cent: Dilute concentrated hydro- 
chloric acid with three times its volume of water. 

5. Ether, pure, redistilled. 

6. Benzene. 

Principles.—Fats, including those which occur in the feces, 
are triglycerides (esters of glycerol C;H,(OH)s, a trihydric alcohol). 
During the process of digestion, the fat of the diet is ‘split’ by 
the pancreatic enzyme lipase, being hydrolysed into fatty acids 
and glycerol. Taking tristearin, C;H,(O-CO-C,,H,;)3, as an 
example of a typical fat, the process is represented by the equation :— 


C3H3(O-CO-C,;H35)3 + 3H,O = 3(C,;H;;COOH) + C,H,(OH), 


tristearin stearic acid glycerol 


Under the conditions of alkalinity induced by the bile in the 
small intestine, some of the fatty acid combines with bases such as 
sodium and potassium to form soaps :— 

C,7H3s;COOH + NaOH = C,,H,,COONa + H,O 
sodium stearate 


The term ‘ faecal fat’ therefore means a mixture of three classes 
of substances :— 
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a. The true fats—triglycerides—such as tristearin. 

b. The fatty acids, such as stearic acid. 

c. Soaps, such as sodium stearate. 

The significance of the ratio existing between, on the one hand 
the true fats, and on the other hand the fatty acids and soaps, 
lies in the fact that the latter are the products of pancreatic digestion, 
and as such the concentration in the faeces may be used as an index 
of pancreatic efficiency. The total fat is a measure of the adequacy 
of absorption from the small intestine. The fatty acids and soaps 
are of equal significance and for analytical purposes are combined, 
treatment of the feces with hydrochloric acid converting soaps into 
fatty acids :— 


C,,H,;COONa + HCl = C,,H,,COOH + NaCl 


The fatty acids derived from soaps are then estimated with the 
pre-formed fatty acids. 

The neutral fats and fatty acids are extracted with a suitable 
fat solvent, then the extract is evaporated to enable the total fat 
to be weighed. The extracted fat is re-dissolved and the solution 
titrated with alcoholic standard alkali to measure, volumetrically, 
the fatty acids. 

The equation 


C,,H,;;COOH + NaOH = C,,H,;,;COONa + H,O 
reveals that :— 


284 g. of stearic acid = 1000 ml. of N/1 NaOH 
0:0284 _ ,, i a eas 1 ml. of N/10 NaOH 


Therefore each 1 ml. of N/10 NaOH used to neutralize the 
extracted fatty acids corresponds to 0-0284 g. of stearic acid. In 
actual fact, however, as the fatty acid is not all in the form of stearic 
acid, but a mixture of acids, some of greater and some of less combin- 
ing weight than stearic acid, it has become conventional to adopt 
an equivalence figure representing average fatty acid content. The 
factor used, is :— 


1 ml. of N/10 NaOH = 0-0268 g. mixed fatty acids. 


The calculation for the determination of fatty acids then becomes :— 
100 : 
0-:0268 x N x “Gq &: per 100 g. of dried faces, 


where N = ml. of N/10 alcoholic NaOH used to neutralize the 
fatty acids in G g. of dried faces. 
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Technique.—The estimation may be performed upon either 
moist or dried feces, and though the analysis of moist faeces is 
claimed to yield more accurate results, it suffers from the obvious 
drawback that no account can be taken of the unknown quantity 
of water present. Analyses are therefore preferred upon dried 
specimens, 

Dry the faces by placing 10-20 g. of the thoroughly mixed 
specimens in a porcelain basin and heating on a sand-bath at a 
moderate temperature (not higher than 110° C.) for several hours 
in a fume cupboard. Stir the drying specimen repeatedly with a 





Fig. 6.—Schmidt-Werner tube for determination of fecal fat. 


glass rod until it is sufficiently dry to powder with a pestle. Remove 
large fragments of undigested food material, and foreign bodies ; 
a dry, freely flowing powder should finally be obtained. Transfer 
the powder to a vacuum desiccator overnight. 

Weigh 0-75 g. of the powder and transfer it to a Schmidt-Werner 
extraction tube (Fig. 6) and add 9 per cent hydrochloric acid up to 
the mark 20 ml. Place the tube in a boiling water-bath for thirty 
minutes, then cool it by immersion in a vessel of cold water. 

Add ether up to the mark 50 ml., securely stopper the tube, and 
mix by repeated inversion for at least ten minutes. Clamp the 
tube in an upright position to allow insoluble material to settle to 
the bottom, precipitation being hastened by occasionally revolving 
the tube sharply between the palms. When the fluid in the upper 
part of the tube is clear, arrange a capillary siphon to remove the 
extract down to the mark 30 ml., running it into a light, weighed 
flask of about 100-ml. capacity. The volume of extract thus trans- 


ferred is 20 ml. and represents the extract from 0-5 g. of dried 
faeces. 
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.Evaporate the solvent over a water bath, and place the flask in 
a vacuum desiccator overnight. Weigh the flask containing the 
dehydrated extract, and from the figure obtained subtract the 
weight of the flask. Thus is found the weight of fat in 0-5 g. of 
dried feces. 

Re-dissolve the dry extract by the addition of about 50 ml. of 
benzene, solution being facilitated by heating almost to boiling-point 
on a water-bath. Allow to cool, then titrate with alcoholic N /10 
sodium hydroxide, using phenolphthalein as indicator. The end- 
point is shown by the appearance of a pink colour, which persists 
for at least thirty seconds. 


Calculation.— 
Weight of flask + extract = FE g. 
Weight of flask =e Hag. 
Weight of extract = FE —F g. 


(FE — F) g. of fat are contained in 0-5 g. of dried faeces, therefore 
the total fat in 100 g. of dried faces 


100 
— (FE — F — gg, 
( )X O58 


The fatty acids in FE —F g. of fat required N ml. of N/10 
alcoholic sodium hydroxide for neutralization. As each 1 ml. of 
alkali is equivalent to 0-0268 g. of mixed fatty acids, FE — F g. 
of fat contain N x 0-0268 g. of fatty acids (‘split fats’). This, 
expressed as a percentage of the total fat 


_N x 0-0268 


FEF x 100. 





Interpretation.—The results of fecal fat determinations should 
be accepted with some reserve for a number of factors influence 
the results to an extent which cannot be calculated. Usually the 
amount of fat ingested prior to the test is unknown; the amount 
of water (if the method described is employed) combined with 
the feces is unknown; the effects of diarrhoea and constipation 
may be considerable and cannot be assessed fairly. Finally, the 
analyses indicate only percentages of fat and not actual amounts 
excreted. 

If the percentage of total fat is higher than normal, it indicates 
that digestion or absorption or both of these functions must be 
impaired. The ratio existing between the split and unsplit fat 
determines whether the fault lies mainly with digestion or absorption. 
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In children on an ordinary diet not more than one-third of the 
dried feces should be fat, of which not more than one-third should 
be unsplit. 

In infants, up to one-half of the dried faeces may consist of fat, 
of which at least one-half should be split. 

In adults on an ordinary diet, not more than one-quarter should 
be fat, of which not more than one-quarter should be unsplit. 

Deficient splitting and deficient absorption may result from 
simple diarrhoea on account of the rapid passage of food through 
the intestine. 

The diagnosis of pancreatic disease may be either aided or 
obscured by the results of faecal fat analyses, for ‘ typical’ results 
are the exception rather than the rule. ‘Typical’ cases would 
show the total fat to be about 50 per cent, the unsplit fat accounting 
for 40-70 per cent or more of the total. The presence of pancreatic 
disease is not excluded by finding a normal percentage of split fat for 
hydrolysis of neutral fat may take place as a result of bacterial activity. 

‘True steatorrhcea’ is a term applied to a condition in which 
the faces are liquid when passed but set solid on cooling; the 
reason for the phenomenon is pancreatic in origin, but may be a 
symptom of several disorders, of which sprue, cceliac disease, and 
biliary obstruction, as well as ‘idiopathic steatorrhcea’, are the 
most important. 

The microscopical examination of the faces is a useful adjunct 
to the more laborious analytical procedure described above, and 
in many cases may be all that is required, for if microscopical 
examination shows the absence of fat globules, fatty acid crystals, 
and only a few soap plaques, chemical analysis is not likely to be 
of much assistance. ' 

When there is a deficiency of the external secretion of the pancreas, 
microscopical examination of the faces reveals oily globules of 
neutral fats, but there is no excess of fatty acid crystals or soap 
plaques. Unfortunately, however, as observed above in the brief 
discussion of the results of chemical analysis, ‘ typical’ results are 
relatively uncommon, the influence of an intercurrent hepatic 
deficiency and the effects of hydrolysis by bacteria in the colon 
frequently confusing the picture. 

‘To summarize, it may be said that in a large proportion of cases, 
the time-consuming process of faecal fat determination gives results 
which are difficult to assess, and disappointing as an aid to diagnosis ; 
the procedure is probably best limited to special investigations or 
to those cases in which there appears macroscopically to be an 
excess of fat, or microscopically an excess of neutral fats and 
undigested muscle-fibres. 
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DETECTION OF OCCULT BLOOD IN FRCES 


As chemical tests for blood depend upon the presence of an 
enzyme of animal origin in the sample being analysed, it is necessary 
that the patient shall have been on a meat- and fish-free diet for 
at least three days prior to the collection of the specimen, in order 
to minimize the possibility of fallacious results being obtained. It 
is a popular but erroneous assumption that a positive benzidine 
test is due to the presence of iron derived from hemoglobin, though 
in fact the presence of iron is not essential. A suspension of a 
catalase-producing organism such as a staphylococcus added to the 
reagent will readily yield the blue oxidation compound of benzidine, 
in the absence of hemoglobin or iron in either the ferric or ferrous 
state. It must be remembered also that pus has always been claimed 
as a cause of false positive results, though ordinarily pus contains 
no hemoglobin. Iron administered therapeutically has no effect 
upon the validity of the results. There is no need to restrict the 
use of green vegetables in a patient’s diet before an examination 
for occult blood is to be performed, for chlorophyl does not give 
the benzidine reaction, nor, incidentally, is it utilized by the human 
subject as a source of hemoglobin. 

The above comments are equally applicable to other chemical 
tests for blood apart from the benzidine test—the orthotolidine 
and orthotoluidine tests, Kastle-Mayer’s reaction and the guaiacum 
test. Tests depending upon the spectroscopic demonstration of 
hemoglobin derivatives are of course, specific, though less sensitive 
than procedures such as the benzidine test. 

The benzidine test is based on the catalysis of the reduction of 
hydrogen peroxide by an enzyme which occurs in blood-cells and 
other animal cells; the liberated ionic oxygen then oxidizes the 
benzidine with the formation of a blue compound, the actual nature 
of which is uncertain. 

Technique.—Thoroughly mix the specimen and transfer a 
portion to a few ml. of water in a chemically clean tube. Emulsify 
sufficient of the specimen to produce a fairly thick suspension and 
boil over a micro-burner for at least two minutes to destroy heat- 
labile enzymes which may give false positive results. Allow to cool. 

The reagent is prepared by dissolving 1 g. of benzidine in 10 ml. 
of glacial acetic acid with the aid of heat and diluting to 50 ml. 
with water. The solution is relatively unstable, but may be used 
up to a period of two weeks after preparation. Store in the 
refrigerator. 

To 2 ml. of the reagent add two or three drops of the boiled 
suspension of faces and mix. ‘Then add 0:5 ml. of 3 per cent 
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(‘10-vol.’) hydrogen peroxide. The presumptive presence of 
blood is indicated by the development of a blue colour, the intensity 
of which is a rough measure of the amount of blood present. A 
green colour is produced by minimal amounts of blood and repre- 
sents the end-point of the sensitivity of the test. 


BILIRUBIN 


The stools of infants, during the first few days of life, contain 
unaltered bilirubin, but with the establishment of the normal 
adult bacterial flora, the bile-pigment is increasingly reduced to 
stercobilin and its chromogen, with the result that bilirubin dis- 
appears from the feces. 

Diarrhcea due to a variety of causes may result in the intestinal 
contents being hurried through so rapidly that a certain amount of 
bilirubin escapes reduction, and bilirubin may be found in the 
faeces. 

It may be easily detected by observing the effect of adding a 
drop of Fouchet’s reagent to a fecal emulsion on a white tile. 
Bilirubin is oxidized to the green and blue biliverdin and bilicyanin. 


UROBILIN 


Considerable quantities of urobilin are to be found in normal 
feces. Its absence, and the absence of the normal colour of fzces, 
co-exist in cases of obstruction of the common bile-duct. 

F aces may be tested for the presence of urobilin by emulsifying 
a portion of the specimen in water, adding a drop of iodine solution, 
and applying Schlesinger’s test as described on p. 146. 
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CHAPTER VI 
GASTRIC ANALYSIS 


ESTIMATION OF GASTRIC CHLORIDES 


Reagents required.— 

1. Silver nitrate N/10 solution: Dissolve 17-0 g. of silver nitrate 
in distilled water and make up the volume to 1 litre. If kept tightly 
stoppered in a brown-glass bottle, the solution is stable indefinitely. 

2. Potassium thiocyanate N/10 solution. Dissolve 10-0 g. of 
potassium thiocyanate in water and make up the volume to | litre. 
This solution is only approximately N/10 and must be checked 
against the silver nitrate solution using ferric ammonium sulphate 
as indicator, and diluted so that 10 ml. are equivalent to 10 ml. 
of the silver nitrate solution. The solution is relatively unstable 
and should be checked at weekly intervals. 

3. Nitric acid, concentrated. 

4. Ferric ammonium sulphate (iron alum): A saturated solution 
in water is stable indefinitely. 

Principles.—In general, the principles underlying the estimation 
of gastric chlorides follow the same pattern as those described in 
respect of plasma-chlorides (see p. 70). 

Technigue.—Into a porcelain basin measure 10 ml. of gastric 
juice and 15 ml. of N/10 silver nitrate solution. After standing for 
a few minutes add 2-0 ml. of concentrated nitric acid. If the juice 
is highly coloured with bile or altered blood, add a saturated solution 
of potassium permanganate, drop by drop, boiling between each 
addition, until the process of oxidation has produced a colourless 
fluid. Add about 0-5 ml. of saturated ferric ammonium sulphate 
solution, and back-titrate with N/10 potassium thiocyanate. 

Calculation.— 

1-0 ml. of N/10 pot. thiocyanate = 0-00365 g. of chloride, 
expressed as hydrochloric acid. 

Therefore (15 minus the titration figure) x 0-00365 x 10 = g. of 
hydrochloric acid per 100 ml. of gastric juice. 

The figure obtained represents the Total Chloride. 

Carbonize 10-0 ml. of gastric juice in a porcelain or platinum dish 
by heating until a grey-black ash is obtained. The first part of the 
heating must be carried out carefully, preferably on a water-bath. 
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otherwise spurting of the liquid will result in loss. When all 
moisture has evaporated, the heating may be intensified. By this 
means, free hydrochloric acid, and hydrochloric acid combined 
with organic bases is volatilized. Volatilization of mineral chlorides 
is avoided by ensuring that the carbonization is carried out at a 
temperature well below red heat. 

After allowing the basin to cool, add the following: A few ml. 
of distilled water, 10 ml. of N/10 silver nitrate solution, 2 ml. of 
concentrated nitric acid, 0-5 ml. of saturated ferric ammonium 
sulphate. 

Titrate the mixture with N/10 potassium thiocyanate solution. 

Calculation.— 

(10 minus titration figure) x 0-00365 x 10 = g. of hydrochloric 
acid, combined as mineral chloride, per 100 ml. of gastric juice. 

The essential value to be obtained from the figures for total and 
for mineral chlorides is the ‘ active’ hydrochloric acid. As the 
mineral chlorides may be regarded as hydrochloric acid which has 
been completely neutralized, the ‘ active’ acid is represented by 
the difference between the total chloride and the mineral chloride. 

If the amount of juice available is insufficient to enable 10 ml. 
to be used, lesser quantities down to 1-0 ml. may be used, with 
proportionately less of the other reagents, the calculation being 
modified accordingly. 

Interpretation.—Owing to regurgitation of duodenal contents 
and the possible presence of organic acids due to fermentation in the 
stomach, the true state of hydrochloric acid secretion may not be 
revealed by acidity titrations. Chloride determinations, on the 
other hand, are not subject to such limitations and are on the whole 
of greater diagnostic value. Mineral chlorides reveal the extent of 
regurgitation, whilst the difference between free hydrochloric acid 
as determined by titration, and as determined by chloride estimation, 
represents acidity due to organic acids—lactic and butyric. 

The limits of normal values encountered in gastric acidity are 
ill-defined, and results are frequently difficult to assess in clinical 
terms, and, in fact, it is probably in less than 10 per cent of cases 
that gastric analyses help to elarify a clinical problem. The normal 
values for free hydrochloric acid usually lie between 10 and 60 ml. 
of N/10 acid per 100 ml. (0-04-0:22 g. of hydrochloric acid), whilst 
the total acidity may be 20-70 ml. of N/10 acid (= 0-08-0-26 g.). 

Malignant disease of the stomach is usually associated with 
achlorhydria or hypochlorhydria, with a relatively high total 
acidity, but normal values for both free and total acid do not exclude 
the diagnosis. In fact, a tumour involving the body or cardiac 
region of the stomach may coexist with hyperacidity. The results 
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af chemical examination of a fractional test-meal in gastric carci- 
noma may be of less value than a macroscopical and microscopical 
examination of the resting juice, for in those cases in which obstruc- 
tion is present, a foul smelling, thick, copious residuum containing 
food residues, altered blood, and organic acids is almost pathogno- 
monic. In rare cases tumour cells may be found. 

Pyloric function may be assessed by a study of the rate of 
emptying of the stomach after the administration of the test-meal. 
Normally the presence of starch in the fractional specimens may 
be demonstrated up to a period of two to two and a half hours ; 
obstruction may be so nearly complete that, as already observed, 
food debris from the previous evening’s meal may still remain in 
the stomach when the resting juice is withdrawn. On the other 
hand, a juxta-pyloric ulcer may irritate the reflex mechanism so that 
complete emptying occurs within an hour. An ulcer in the 
neighbourhood of the pylorus may give rise to an acidity curve 
which may commence within the normal limits, but climbs to a 
high peak within one and a half to two hours. This ‘climbing’ 
curve may also be found in normal persons, and may be absent 
even if a juxta-pyloric lesion exists. 

The only disease in which a precise, pathognomonic result of 
gastric analysis is invariably obtained is pernicious anemia. ‘Total 
acidity is low, rarely above 15 ml. of N/10 acid per 100 ml., with a 
‘flat’ curve throughout the period of the test. The hydrochloric 
acid value is zero throughout, and secretion fails to be stimulated 
by the parenteral administration of histamine. 


DETECTION OF ORGANIC ACIDS 


Reagents required.— 

1. 0:10 per cent ferric chloride solution in water. 

2. 1:0 per cent solution of phenol in water. 

3. The reagent used in the test is unstable and should be prepared 
freshly each time it is required. 

Add ferric chloride solution, drop by drop, to about 5-0 ml. of 
1:0 per cent phenol until the mixture is blue. Avoid adding an 
excess of ferric chloride. 

Technique.—Mix the gastric juice and the reagent in equal 
quantities. The presence of lactic acid is shown by the mixture 
assuming an intense canary-yellow colour. Other organic acids 
react similarly. The sensitivity of the test is such that 0-01 per 
cent of lactic acid gives a positive result. 

A possible source of difficulty lies in the fact that the presence 
of hydrochloric acid may destroy the blue colour of the reagent, 
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though this may readily be overcome by neutralizing the acid with 
sodium hydroxide before applying the test. 

In actual fact, however, tests for organic acids are superfluous 
if hydrochloric acid is present, for they are only of diagnostic signifi- 
cance in those conditions in which hydrochloric acid is absent from 
the gastric juice. Such conditions include gastric carcinoma, in 
which, owing to pyloric stenosis or spasm, there occurs retention 
of the gastric contents, allowing carbohydrate fermentation to take 
place. The presence of organic acids may be inferred if estimation 
of free hydrochloric acid is absent or very low and the total acidity 
is relatively high. 


ESTIMATION OF FREE AND COMBINED 
HYDROCHLORIC ACID IN GASTRIC CONTENTS 


Reagents required.— 

1. Sodium hydroxide, N/10 aqueous solution. 

2. Thymol blue, 0-1 per cent aqueous solution. 

Principles.—Acid occurs in the stomach as free hydrochloric 
acid, hydrochloric acid combined with proteins, and as organic 
acids, chiefly lactic acid. Hydrochloric acid, being for the most 
part dissociated, exercises the greatest influence upon the pH of the 
gastric juice, whilst protein hydrochlorides and organic acids, being 
only weakly dissociated, have very little effect upon the pH. 

Consequently, the colour change of the indicator from red to 
yellow, occurring at about pH 2:8 (at which point the reaction of 
the juice is still acid), indicates only the neutralization of the free, 
highly dissociated hydrochloric acid. Further addition of alkali 
results in a very gradual raising of the pH, on account of the buffer 
action of, chiefly, the organic acids, and to a lesser extent the 
inorganic salts and acid-protein complexes. The final change from 
yellow to blue, occurring at pH 10-5, indicates the complete 
neutralization of all acidic substances. 

Technique.— Measure 2-0 ml. of the gastric juice into a test-tube 
and add two or three drops of thymol blue. In the presence of 
free hydrochloric acid, the ‘colour of the indicator turns red—or, 
if the concentration of free acid is small—orange. If free hydro- 
chloric acid is absent, the colour of the indicator is yellow, or— 
if the reaction of the juice is alkaline—blue. 

Titrate the free hydrochloric acid by adding N/10 sodium 
hydroxide until the red colour is replaced by clear yellow. Read 
the burette. 


If free hydrochloric acid is absent, record the burette reading 
as sero. 
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Continue the titration with N/10 hydroxide until the yellow of 
the indicator gives place to blue. Read the burette. : 

The first reading of the burette represents the hydrochloric acid 
(free) in 2-0 ml. of gastric juice. 

The second reading, i.e., the total volume used to change the 
colour of the indicator from red to blue, represents the total acid 
in 2:0 ml. of gastric juice. 

The figures are multiplied by 50 to express the results as free 
and total acid respectively in 100 ml. of gastric juice. 

Interpretation.—The concentration of free hydrochloric acid 
in gastric juice is normally inversely proportional to the hemoglobin 
content of the red corpuscles. Below 75 per cent hemoglobin the 
free acid tends to be reduced, whilst below 50 per cent it frequently 
disappears altogether. 

The limitations of the clinical value of gastric acidity determina- 
tions are discussed on p. 122. 


THE FRACTIONAL TEST-MEAL 


The meal consists of oatmeal gruel prepared by boiling two 
tablespoonfuls of breakfast oatmeal in a quart of water until the 
volume is reduced to one pint. The gruel is then strained through 
muslin to remove gross particles which may block the stomach 
tube, sugar is added to taste, but salt and milk must not be added. 
The former on account of chloride estimations being thereby 
rendered valueless, whilst the buffer action of milk tends to invalidate 
the titration of free hydrochloric acid. A big difference (40-50 ml. 
of N/10 acid per cent as compared with the usual 10-15 ml.) between 
the readings for free acid and total acid should lead to the suspicion 
that milk has been added to the meal. 

After removing the resting juice from the stomach, the meal is 
given, leaving the tube im situ, and a note is made of the time. 
Thereafter, at intervals of fifteen minutes, 5-10 ml. of the gastric 
contents are removed and transferred to appropriately labelled 
tubes. The period of the test is usually three hours. 

The resting juice and, if necessary, the next three or four samples 
should be tested for the presence of free hydrochloric acid, and, if 
this is absent, the patient should be given a subcutaneous injection 
of histamine hydrochloride—0-25-1-0 mg. according to body- 
weight. ; 

In the true achylia gastrica of pernicious anemia the histamine 
fails to stimulate the secretion of acid, but does so in other forms 
of achlorhydria. In patients with blood-pressure below 110 mm, 
Hg, histamine must be used with caution. 
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Certain precautions are necessary during the withdrawal of 
specimens: (1) The patient must not swallow his saliva, otherwise 
serious dilution of the gastric contents results. A sputum mug or 
other receptacle must be provided, into which the patient may 
expectorate when the need arises. (2) The use of water to facilitate 
the removal of the specimens will likewise introduce an unknown 
dilution error. If the tube should become blocked, free it by blow- 
ing 1-2 ml. of air down it, and by altering its position slightly. 
(3) After the withdrawal of each sample, empty the stomach tube 
by blowing a little air through it by means of the syringe used to 
withdraw the specimens, otherwise each specimen will contain an 
unknown volume of juice remaining in the tube after the previous 
withdrawal. 

When all specimens have been collected, each one is analysed 
for its content of free hydrochloric acid and total acidity, and 
iodine is added to the specimens to determine the length of time 
the meal remained in the stomach. ‘The results are recorded 
graphically. A note is also made of the presence of bile, blood, 
and mucus. No chemical tests for these constituents are usually 
required—an excess of mucus may be noted by the manner in 
which the specimen enters the pipette used to measure it for the 
estimation of acid ; bile and blood are recognizable by their colour. 
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CHAPTER VII 
EXAMINATION OF URINE 
DETECTION AND ESTIMATION OF GLUCOSE 


A NUMBER of reactions have been utilized for the qualitative 
demonstration of reducing substances in the urine, though most 
of them are now of historical interest only. The test which is almost 
universally used at the present time is Benedict’s, which may be 
used both as a qualitative test, and, by varying the constitution 
of the reagent, as a quantitative estimation also. 

The reagent for qualitative demonstration of reducing substances 
has the following composition :— 


Cupric sulphate (cryst.) .. Nee Licg: 
Sodium citrate ii “ nee PAW Ug + 
Sodium carbonate (anhydrous) .. 100-0 g. 
Distilled water to make 1000-0 ml. 


Dissolve the reagents separately, each in about 250 ml. of water 
with the aid of heat, allow to cool and mix. Make up the volume 
to 1000 ml. with water. The solution is usually clear, but it may 
be sufficiently turbid to warrant filtration. It is stable indefinitely. 

Technique.—To 2-0 ml. of reagent add 0-2 ml. of urine and 
heat in a boiling water-bath for four minutes. 

In the absence of reducing substances, the mixture remains 
unchanged—clear and blue. 1-0 per cent of glucose in the urine 
gives a yellow or orange-red precipitate. Lesser concentrations of 
glucose, 0-5 per cent or less, give a precipitate which is green. 
This colour is, of course, due to a mixture of colours—the original 
blue of the reagent and the yellow colour of cuprous oxide. 

Reduction of Benedict’s solution may be brought about not only 
by glucose but also by lactose, pentose and laevulose, glycuronates, 
and uric acid if present in large amount. Lactose occasionally is 
found in the urine of nursing mothers and during the last week 
or two of pregnancy; neither lactose nor other carbohydrates 
apart from glucose are of pathological importance. It may, how- 
ever, be necessary to distinguish reduction due to glucose from 
that caused by the presence of ‘ innocent’ substances, although it 
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may be felt that actual identification of members of the latter group 
is not necessary. 

The fermentation test gives positive results with both glucose 
and lzvulose—other substances react negatively, so the test may 
be used for elimination purposes. In the event of a positive result, 
levulose may be detected by means of Selivanoff’s reaction. 

No elaborate apparatus is necessary to carry out the fermentation 
test—the Durham’s tubes used in bacteriological tests for fermenta- 
tion are convenient. 

Take four Durham’s tubes in bottles of suitable size and number 
them 1, 2, 3, 4. Into tube 1 pour the urine under test (which 
should have been boiled to destroy bacteria which may ferment 
glucose or levulose) ; into tube 2 some normal urine ; into tube 3 
some normal urine to which a little glucose has been added, and 
into tube 4 some distilled water. To the four tubes add a few 
drops of a suspension of fresh brewers’ yeast which has been washed 
with distilled water by repeated centrifugalization and re-suspension. 
Tubes, 2, 3, and 4 act as controls. Incubate the tubes for twenty- 
four hours at 37°C. A positive result is shown by an accumula- 
tion of gas in the Durham’s tube in tube 1. There should be no 
gas in this tube if the result is negative. In either event, there should 
be no gas in tubes 2 and 4, and distinct gas formation in tube 3. 

If the fermentation test is positive, proceed to Selivanoff’s test, 
as follows :— 

The reagent is prepared by dissolving 0-15 g. of resorcinol in 
300 ml. of hydrochloric acid diluted 1 in 3 with water. 

To perform the test add 0-5 ml. of urine to 5-0 ml. of the reagent 
and heat to boiling. Boil for twenty to thirty seconds (not longer). 
A positive result is shown by the formation of a red precipitate which 
is soluble in 95 per cent ethyl alcohol. To separate the precipitate 
to test its solubility in alcohol, the boiled mixture may be centrifugal- 
ized and the supernatant fluid poured away. The test is not suitable 
for urines which contain 2 per cent or more of glucose, for under 
this condition false positive results are obtained. 

If Benedict’s qualitative test and the fermentation test are positive, 
and Selivanoff’s test for lzvulose is negative, proceed to the 
quantitative estimation of glucose by Benedict’s method. 

The reagent is prepared as follows: Dissolve 100 g. of anhydrous 
sodium carbonate and 200 g. of sodium citrate in about 400 ml. of 
water with the aid of heat. Dissolve 125 g. of potassium thiocyanate 
in another 400 ml. of water and mix the two solutions. Add 
5-0 ml. of a 5-0 per cent solution of potassium ferrocyanide. Dis- 
solve 18-0 g. of crystalline copper sulphate in about 100 ml. of 
water with the aid of heat. When they are cool, mix the solutions 
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;and make up the volume to 1 litre with water. If the finished 
solution is cloudy, it may be filtered. It is stable indefinitely. 

5-0 ml. of Benedict’s quantitative solution are reduced by 0-01 g. 
of glucose (and by 0-0134 g. of lactose). 

Technique.—Measure 5-0 ml. of the reagent into a boiling tube 
and add about 1-0 g. of anhydrous sodium carbonate and a ‘ knife- 
point’ of powdered pummice to prevent bumping. Heat over a 
small flame, and when boiling gently add the urine, drop by drop, 
from a 2-0-ml. pipette, boiling between each addition of urine. 
When the colour of the precipitate of white cuprous thiocyanate 
has completely replaced the blue (later green) of the cupric sulphate 
in the reagent, note the volume of urine used. 

Calculation.—5:0 ml. of Benedict’s solution = 0-01 g. of 
glucose. ‘Therefore the volume (V) of urine required to reduce 
5-0 ml. of solution contains 0-01 g. of glucose. 


. 


100 ml. of urine will therefore contain = g. of glucose. 

Interpretation.—Normal urine contains about 0-01 per cent 
of fermentable sugar, though this may not consist entirely of 
glucose. ‘Total reducing substances may be present to the extent 
of between 0-05 and 0-15 per cent, calculated as glucose, and consist 
of pentose, carbohydrates altered by cooking processes, lactose 
during lactation and the later stage of pregnancy, and lzvulose 
following the ingestion of large amounts of certain fruits. Amongst 
non-carbohydrates may be mentioned glycuronates and uric acid 
as possible causes of reduction of alkaline copper solutions. 

The most important pathological reducing substance occurring 
in the urine is glucose, which, if present in amount exceeding 
0-15 per cent, is detectable by Benedict’s test. More exhaustive 
text-books should be consulted for details of the clinical implications 
of glucosuria, which is a condition necessitating close investigation 
and control of each individual patient. For immediate purposes, 
the finding of glucose in the urine should automatically lead to an 
estimation of the blood-sugar, preferably by means of a glucose- 
tolerance test (see below), to determine whether the condition is 
one of true diabetes mellitus, or the presumably benign ‘ renal ’ 
glucosuria, where the fault lies, not with the availability of 
endogenous insulin, but within an excretory anomaly of the kidney. 


THE GLUCOSE-TOLERANCE TEST 


The principle of the test is that the patient is kept fasting for 
about twelve hours beforehand, then is given a dose of glucose 
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(usually 50 g. dissolved in water) after a specimen of ‘ fasting ’ 
blood has been withdrawn. ‘Thereafter, specimens of blood are 
taken at intervals of thirty minutes up to a total period of two 
and a half or three hours. The glucose content of each specimen 
is then determined, the results being recorded graphically. At 
hourly intervals throughout the period of the test, specimens of 
urine are collected, and tested both qualitatively and (if necessary) 
quantitatively, for glucose. The examination of the urine during 
the performance of the test should never be omitted, for it is an 
essential part of the procedure. 

Detailed discussion of the numerous possible responses to the 
glucose-tolerance test will not be attempted here. Normally, the 
capacity of the body to remove glucose from the circulation and 
to store it as glycogen in the liver is such that the blood-glucose 
does not rise much above 160 mg. per 100 ml. The normal renal 
threshold for glucose is at about 180 mg. per 100 ml., above which 
glucose may appear in the urine. Such cases are generally regarded 
as diabetic, actually or potentially, depending upon the height of 
the blood-sugar, the presence of glucose in the urine, and the 
clinical features of the case. 

‘Renal’ glycosuria is characterized by a blood-sugar within the 
normal limits throughout the period of the test, but as the renal 
threshold is low, glucose appears in the urine though the maximum 
blood-sugar level may not exceed 150 mg. per 100 ml. Usually, 
the amount of glucose in the urine does not exceed 1-0 per cent. 
The volume of urine excreted daily is normal, and ketonuria does 
not occur. 

A mild diabetic has a fasting blood-sugar of 120-180 mg. per 
100 ml., rising within the first hour of the glucose tolerance test to 
200-280 mg. per 100 ml. Slight to moderate glucosuria may be 
observed at some time during the test. The blood-sugar may show 
some tendency to diminish towards the end of the test, but fails 
to regain the fasting level—a feature which constitutes an important 
distinction from a normal curve. 

Diabetes of greater severity is characterized by the perpetual 
presence of glucose in the urine, and sometimes ketonuria, a fasting 
blood-sugar which may lie between 200 and 400 mg. per 100 ml., 
and a rising curve in the glucose-tolerance test, the curve in the 
more severe grades continuing the upward trend right to the end 
of the test period. In no case is the fasting level re-established. 


DETECTION OF KETONE BODIES 
Reagents required.— 
1. Ammonium sulphate, crystalline. 
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2. Sodium nitroprusside. 

3. Ammonia, concentrated. 

4. Ferric chloride, 10 per cent aqueous solution. 

The Detection of Acetone (Rothera’s Test).—One-third fill 
a test-tube with crystals of ammonium sulphate and add four or 
five drops of a freshly prepared saturated solution of sodium nitro- 
prusside. Pour in the urine until the test-tube is half-full and mix 
thoroughly by shaking. Add 2-0-3-0 ml. of concentrated ammonia. 

The presence of acetone is revealed by the mixture assuming 
a ‘permanganate’ pink colour, which may be intense if the 
concentration of acetone is high. 

Confirm that the reaction is due to acetone by boiling another 
portion of the urine for about five minutes, allowing to cool, and 
repeating the test on the boiled specimen. If the previous reaction 
was due to acetone, there should be no colour obtained with the 
boiled urine. 

The Detection of Aceto-acetic Acid (Gerhardt’s Test).— 
Add ferric chloride solution to the urine until no further precipitation 
of phosphates occurs, then filter the mixture. If aceto-acetic acid 
is present, the addition of further ferric chloride will produce a 
dark, reddish-brown colour. 

The excretory products of a number of drugs give colours with 
ferric chloride, and so must be distinguished from that given by 
aceto-acetic acid. False positive results due to drugs may be 
caused by phenols, coal-tar antipyretics (salicylates and phenacetin), 
salol, and some other compounds. To confirm that a positive result 
is due to aceto-acetic acid, repeat the test on boiled urine. As the 
conversion of aceto-acetic acid to acetone takes place rapidly, and 
acetone is highly volatile, this treatment will remove the cause of 
a positive result if it be due to aceto-acetic acid, but will have no 
effect upon the derivatives of drugs. 

Interpretation.—As both acetone and aceto-acetic acid are 
products of the abnormal catabolism of fats which occurs when the 
supply of endogenous insulin is inadequate for the proper utilization 
of carbohydrates, the two substances have, in general, the same 
clinical significance. At the same time the interpretation of the 
actual tests demands some discretion. ‘Thus Rothera’s test for 
acetone may be positive whilst Gerhardt’s test for aceto-acetic acid 
is negative, though in fact both substances usually occur together. 
The discrepancy is accounted for by the relative sensitivities of the 
tests: Rothera’s test will detect acetone in a concentration of 
1 in 20,000 of urine, whilst Gerhardt’s test will only detect aceto- 
acetic acid if it is present in a concentration of 1 in 2000 of urine. 
When acetone and aceto-acetic acid are dissolved in water, the 
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sensitivities of both tests are greatly increased, Rothera’s test being 
capable of detecting acetone when diluted to 1 in 400,000. 

Beta-hydroxybutyric acid and beta-hydroxycrotonic acid also 
occur in company with acetone and aceto-acetic acid, and have 
the same origin; in fact beta-hydroxybutyric acid is probably 
formed first, aceto-acetic acid and acetone being the successive 
products of oxidation of beta-hydroxybutyric acid. 

The ketone bodies are found in the urine in severe diabetes 
mellitus, in starvation, and in gastro-intestinal disorders associated 
with vomiting, diarrhoea, and poor absorption ; in the toxemia of 
pregnancy and in certain fevers. In assessing the significance of 
results of tests for ketones, it is generally agreed that whilst a 
positive Rothera’s test is of importance, it is of less grave prognostic 
significance than a positive Gerhardt’s test, for, as observed above, a 
positive Gerhardt’s test implies high concentration of ketone bodies. 


ESTIMATION OF URINE CHLORIDES 


Urinary chlorides may be estimated by appropriate modifications 
of the methods described for plasma-chlorides (see p. 70), or the 
following direct titration technique may be used. As great accuracy 
is not usually demanded and the need for chloride estimations does 
not frequently arise, this method is to be preferred, for only one 
standard solution is needed, and results may be obtained quickly. » 

Reagents required.— 

1. Standard silver nitrate solution: Dissolve 29-075 g. of silver 
nitrate in water and dilute to 1 litre. 1-0 ml. of this solution is 
equivalent to 10 mg. of sodium chloride. 

2. Potassium chromate, saturated aqueous solution: The solubi- 
lity of neutral potassium chromate is about 20 per cent. ‘The 
solution is stable indefinitely. 

Technique.—Dilute 10-0 ml. of urine to about 50 ml. with 
distilled water and add a few drops of potassium chromate solution. 

Titrate with the standard silver nitrate solution. ‘The end-point 
of the titration is shown by the appearance of the orange-red colour 
of silver chromate when the first drop of silver nitrate in excess of 


that required to precipitate all chlorides as insoluble silver chloride 
has been added :— 


K,CrO, + 2AgNO, = 2KNO, + Ag,CrO, 


The number of ml. of silver nitrate solution used, divided by 10, 
gives the result in g. of sodium chloride per 100 ml. of urine. 

Note: As silver chromate is soluble in dilute acid, the titration 
must be performed in a neutral solution, the urine requiring to be 
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neutralized with dilute alkali after dilution with water; litmus 
paper may be used as an external indicator. 

As silver chromate is slightly soluble in aqueous solution, sufficient 
potassium chromate must be used to ensure saturation when silver 
chromate is formed at the end-point. On the other hand an excess 
must be avoided otherwise the yellow colour of the chromate will 
obscure the orange of the silver chromate. 

The silver nitrate solution must be added slowly, particularly 
near the end-point. 

Interpretation.—The chlorides, chiefly of sodium, are the most 
abundant of the inorganic constituents of urine, though the amount 
varies considerably according to the diet. An average of between 
10 and 16 g. is excreted per day, a milk diet reducing the amount 
considerably, whilst an abundance of salty food may raise the 
amount to between 30 and 40 g. Starvation ultimately results in 
the disappearance of chlorides from the urine. 

The excretion of urinary chlorides is diminished in all febrile 
conditions, especially if a serous exudate is formed, as in pneumonia. 
Diminution also occurs in conditions associated with diarrhea, on 
account of loss of fluid and anorexia. Vomiting similarly results 
in reduction of urine chlorides, due to loss of hydrochloric acid. 

In chronic nephritis urinary chlorides are often diminished, 
partly on account of being ‘ locked up’ in cedema fluid, and partly 
as a result of impairment of the excretory function of the kidneys, 
chloride retention frequently being paralleled by nitrogen retention. 

Daily repetition of urine chloride estimation is sometimes used 
as a check on treatment and progress, but it must be remembered 
that once the urine chlorides have sunk to very low levels, or even 
disappeared altogether, they do not become stabilized at a normal 
figure until all loss from the body or into the tissues has been 
made up. 


ESTIMATION OF URINE UREA 


Reagents required.— 

1. Sodium hydroxide 40 per cent aqueous solution. 

2. Bromine: This is most conveniently stored in glass ampoules 
each containing 2:5 ml. supplied by most manufacturers for the 
purpose. The liquid may also be obtained in bulk, but as bromine 
is a dangerous element, of penetrating and objectionable odour, it 
is preferable to avoid the necessity for frequent opening of stock 
containers, measuring of volumes, etc. 

3. Sodium hypobromite: Prepare a mixture of bromine and 
sodium hydroxide by pouring into bottle A 25 ml. of 40 per cent 
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sodium hydroxide and dropping in an ampoule of bromine. Break 
the ampoule under the alkali by means of a stout glass rod. 

The mixture is unstable and should be prepared just before 
use. In any case it should not be used if more than twenty-four 


hours old. . 
Principles.— Bromine and sodium hydroxide combine, according 
to the following equation, to form sodium bromide and sodium 


hypobromite :— 
2NaOH + Br, = NaBrO + NaBr + HO 


In alkaline solution urea is decomposed by sodium hypobromite, 
with the evolution of nitrogen :— 


CO(NH,), + 2NaOH + 3NaBrO 
= N, + 3NaBr + Na,CO, + 3H,O 
The volume occupied by 1 gram-molecule of a gas at S.T.P. is 
22-4 litres. 
Hence 22,400 ml. of nitrogen (at S.T.P.) are evolved from 60 g. 


of urea. 1 
Therefore 1:0 ml. of nitrogen = =~ g. of urea. 


513 
Assume that the volume of nitrogen evolved from 5-0 ml. of 
urine is V ml., which, reduced to S.T.P., is 
2195 ep ae 
273 +t’ 760 





Vx ml., 


where t = the temperature, p = the barometric pressure in mm. 
Hg, and a=the aqueous vapour pressure at the observed 
temperature. . 


Therefore, 1-0 ml. of nitrogen at S.T.P. 
2 ee 1 
273++t° 760 ~ 37 


which is also the amount of urea contained in 5:0 ml. of urine. 
100 ml. of urine will therefore contain :— 


ORIEN Sete heh 7 
373-01 760 * 373 * 5 g. of urea, 


EES Odes oe 
273-++t” 760 ~ 1865 © 
The actual yield of nitrogen from 1-0 g. of urea is not the 


theoretical 373 ml., but only about 96 per cent of this volume. The 
slight negative error is balanced by the fact that alkaline hypobromite 








3 & of urea, 


Wh 





This resolves to 
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also liberates nitrogen from nitrogenous urinary constituents other 
than urea (uric acid, creatinine, amino-acids, and ammonium salts). 
Finally, it must be noted that the above calculations, involving the 
use of cumbersome fractions, refer to gas volumes at S.T.P. At 
ordinary room temperatures, however, these fractions are ultimately 





Fig. 7.—Mclean’s apparatus for the estimation of urine urea. 
A, Bottle fitted with stop-cock S containing hypobromide solution and small tube 


for 5 ml. of urine ; B, 100 ml. graduated burette ; C, Levelling tube with water ; 
D, Rubber tubing. 


eliminated, with the result that, if correction for temperature and 
pressure be omitted, the observed volume of gas, divided by 20, 
gives a very close approximation to accuracy. This holds good only 
if 5-0 ml. of urine be used. 

Technique.—The apparatus (Fig. 7) consists of a 100-ml. 
burette, held in a vertical position on a suitable stand. The upper 
end is connected by means of rubber tubing to a bottle (A) fitted 
with a rubber stopper with two holes, through one of which passes 
a short piece of glass tubing fitted to the tubing from the burette. 
The other hole carries a stop-cock. Inside the bottle is a small 
tube capable of holding 5-0 ml. of fluid and of such a length that 
when placed inside the bottle it will rest against the side without 


spilling its contents. 
Io 
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To the lower end of the burette is attached a length of rubber 
tubing with a levelling bulb (C). The levelling bulb and the 
burette contain a convenient volume of water. 

Having ensured that when the stop-cock is closed the system is 
air-tight, place 25 ml. of freshly prepared sodium hypobromite in 
the bottle. Measure 5-0 ml. of urine into the small tube and place 
it inside the bottle. Close the bottle firmly with the stopper and 
open the stop-cock. Adjust the level of the water in the burette 
to zero by means of the levelling bulb, then close the stop-cock. 
Check once again to make sure there are no air-leaks. 

Tilt the bottle so that the contents of the tube mix thoroughly 
with the hypobromite solution, allow a few minutes for the gas to 
cool approximately to room temperature, and adjust the pressure 
of the gas in the burette to that of the atmosphere by means of the 
levelling bulb. 

Read the level of the water in the burette and divide by 20. The 
result is the urea content in grammes per 100 ml. of urine. 

Interpretation.—The value of urea estimations upon isolated 
specimens of urine is limited; it is not always possible to assess 
the influence of diuresis, or retention of urine due to extrarenal 
causes. As a rule, if the urea content is 2-0 per cent or over, it 1s 
safe to assume that the capacity of the kidneys to excrete nitrogenous 
substances is unimpaired, but if it is less than 2-0 per cent, further 
investigations, under standard conditions are indicated :— 

Suitable supplementary examinations are the urea-clearance test 
and the urea-concentration test, both of which are described later 


(p. 150). 


ESTIMATION OF URINARY DIASTASE 


Reagents required.— 

1. Soluble starch solution. This is best kept as a stock 2-0 per 
cent solution in 10 per cent sodium chloride. Weigh out accurately 
2-0 g. of soluble starch and emulsify by shaking violently with 
about 10 ml. of distilled water. Add the emulsion to about 70 ml. 
of boiling distilled water, ensuring that none is lost by washing 
out the tube with several changes of distilled water which are added 
to the boiling mixture. Add 10 g. of sodium chloride and continue 
boiling for five minutes with constant stirring. Cool and transfer 
the solution to a 100-ml. volumetric flask and make up the volume 
with distilled water. A few drops of toluene may be added as a 
preservative. 

2. 0-1 per cent soluble starch as used in the actual estimation : 
Dilute 5-0 ml. of the stock solution to 100 ml. with distilled water. 
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3. N/50 iodine: Prepare freshly each time it is required by 
dilution of a stock N/10 solution. It has limited keeping properties. 

Principles.—The starch granule consists of two distinct portions 
—an outer layer of amylopectin, and an inner portion consisting of 
amylose, the latter possessing the property of forming a blue complex 
with iodine when in the presence of soluble iodide. Chemically, 
starch is a complex polysaccharide having the formula (C,H,,O;) 
being an as yet undetermined but probably large number. 

In the course of pancreatic digestion of starch, soluble starch is 
first formed, due to modification of the amylopectin capsule of the 
granules similar to the change occurring when starch is boiled with 
dilute mineral acid. Next is formed erythrodextrin, giving a red 
colour with iodine ; further hydrolysis results in the formation of 
achro-odextrin which does not react with iodine. The final product 
of digestion is maltose :-— 


2C,H,,0; = ie H,O ar Cy2H 904, 


rm 


In an acid medium, the hydrolysis continues to the stage of 
glucose :— 
Cy2H».01, + H,O = 2C5H 420, 


Technique.—To each of a series of tubes containing varying 
volumes of urine, add a constant volume of 0-1 per cent soluble 
starch. It is immaterial what volumes are chosen, though the 
quantities recommended below are convenient :— 


Urine (ml.) 2 -O7}0°67)'0245) 025) 0:25) 10:2. 10-15 1 0-151'0-0 


Water (ml.) 0-0 | 0-4 | 0-6 | 0-7 | 0-75 | 0-8 | 0-85 | 0-9 | 1-0 
0-1 per cent starch 2:0 ml. throughout. 


Mix the contents of the tubes thoroughly, then incubate in a 
water-bath at 37° C. for thirty minutes. 

Remove the rack of tubes from the bath and immerse in cold 
water for a few minutes to cool. Add to each tube one drop of 
N/50 iodine and note the tube containing the least volume of urine 
in which a blue colour does not form. Care must be exercised in 
deciding whether the colour does or does not develop, for if digestion 
of the starch is incomplete, the red colour due to erythrodextrin 
may mask the blue colour due to undigested starch. 

If the 2:0 ml. of starch is completely digested by 0-1 ml. of urine, 
the process must be repeated, using urine which has been diluted 
1 in 10 with water. On rare occasions it may be necessary to dilute 


1 in 100. 
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A unit of diastase is that amount which digests 1-0 ml. of 0-1 per 
cent soluble starch to such a stage that a blue colour with iodine 
is no longer obtained after incubation for thirty minutes at 37°. 
As 2:0 ml. of starch is used in each tube, the volume of urine which 
satisfies the requirement of the test contains 2-0 units of diastase. 

The diastatic index (the number of units contained in 1-0 ml. of 
urine) is 2 divided by the volume of urine which completely digests 
2:0 ml. of 0-1 per cent soluble starch. For example, if complete 
digestion occurs in the tube containing 0-4 ml. of urine the diastatic 
index is 5-0. 

Interpretation.—Although it is not definitely established that 
the diastase of the urine is exclusively derived from the pancreas, 
the estimation of the diastatic index is a useful test of pancreatic 
efficiency. Except in cases of suspected acute pancreatitis, when a 
result is urgently required, estimations should be performed upon 
twenty-four-hour specimens and the result reported as the number 
of units of diastase excreted during the period. Normally, this 
varies between 8000 and 30,000, corresponding to a diastatic index 
between 6:7 and 33-3. An index of 50 in a concentrated, isolated 
specimen is probably normal, but in a sample of a twenty-four-hour 
specimen of average specific gravity, such a result should be regarded 
with suspicion. In acute pancreatitis, values between 100 and 2000 
may be found. 

The accumulation of diastase in the blood, leading to increased 
excretion, may be due to obstruction, or the vascular effects of 
inflammation, so that the results obtained in a number of conditions 
are dependent upon the site of the lesions, renal efficiency, and the 
chronicity or acuteness of the process. 

Abdominal injuries, associated with an increased excretion of 
diastase, point to traumatic involvement of the pancreas. 

The toxzmias of pregnancy, and eclampsia may show a high 
urine diastase, whilst normal values are almost always found in 
diabetes. Obstruction of a salivary duct or acute inflammation of 
a salivary gland may result in high diastase output, but is of little 
diagnostic importance except that such a finding may be misleading 
if a pancreatic lesion is being sought. 


ESTIMATION OF URINE ASCORBIC ACID 


Reagents required.— 

1. Standardized 2:6 dichloro-phenol-indo-phenol (see p. 97). 

2. Metaphosphoric acid, 12 per cent, freshly prepared. 

It is preferable to use absolutely fresh urine, though the addition 
of 12 per cent metaphosphoric acid in sufficient quantity to produce 
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a final concentration of 2:5 per cent has the effect of retarding 
oxidation of ascorbic acid for several hours. 

If the specimen is saturated with hydrogen sulphide by passing 
the gas through for about ten minutes, the specimen may be kept 
for eighteen hours without undue loss of ascorbic acid taking place. 
The hydrogen sulphide has the effect of reducing dehydro-ascorbic 
acid back to ascorbic acid. 

The excess hydrogen sulphide must be removed before the 
titration of the dye by passing through it a vigorous stream of 
either carbon dioxide or nitrogen for half an hour. The addition 
of a few drops of a concentrated solution of lead acetate to a few 
millilitres of the specimen will indicate whether removal of hydrogen 
sulphide is complete. In the absence of residual hydrogen sulphide, 
the precipitate which forms will be white. If it is brown or black, 
owing to the formation of lead sulphide, continue the passing of 
the carbon dioxide or nitrogen until any trace of brown or black 
precipitate upon the addition of lead acetate is no longer detectable. 

Filter the urine and transfer it to a 25-ml. burette. 

Measure 1:0 ml. of the dye solution into a test-tube and add 
2:0 ml. of glacial acetic acid. ‘Titrate quickly with the urine, 
completing the operation within two minutes. 

If the process takes longer than this, substances other than 
vitamin C which reduce the dye may introduce an appreciable 
error ; on the other hand, if the titration is performed too quickly 
(in less than one minute), error in the opposite direction may result, 
for the oxidation of ascorbic acid as it occurs in the urine is not 
instantaneous. 

The concentration of acetic acid in the dye is important—if the 
volume of urine used in the titration is not such as to reduce the 
concentration of acetic acid to approximately 10 per cent, the 
titration must be repeated, using more or less acetic acid. 

Calculation.—The concentration of ascorbic acid in the urine 
is calculated from the ascorbic acid equivalence of the dye. 

If 1-0 ml. of dye, equivalent to 0-25 mg. of ascorbic acid, requires 
A ml. of urine for its complete reduction, then 100 ml. of urine 


contain :— 


0-25 x = mg. of ascorbic acid. 


Interpretation.—In health the amounts of ascorbic acid excreted 
per day vary considerably, 10-50 mg. representing the usual average 
range. Estimations on isolated specimens are of little value. 

Figures below 13 mg. per day are suggestive of insufficiency of 
dietary ascorbic acid, while the excretion of 0-20 mg. per day may 
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be associated with frank scurvy. Vitamin C subnutrition may be 
excluded if more than 30 mg. of ascorbic acid are excreted per day. 

To overcome the difficulties encountered in the interpretation of 
ascorbic acid estimations, various tests have been devised, of which 
the most popular is the saturation test in its several modifications, 
all of which appear to be equally satisfactory. 


THE VITAMIN C SATURATION TEST 


The times stated are intended as a guide to the periods elapsing 
between the various stages of the test and may be altered to meet 
individual requirements. 

At 9-0 a.m. the patient empties the bladder and discards the 
urine. All urine from that time until 12 noon is collected and its 
ascorbic acid content titrated. The same procedure is repeated 
for at least two more days. 

After this, on at least two further days, at 10-0 a.m. the patient 
is given 700 mg. of ascorbic acid in 100 ml. of water per 10 st. 
of body-weight. Between four and five hours later, at the peak of 
ascorbic acid excretion, urine is collected and its ascorbic acid 
content determined. 

A normal subject taking adequate amounts of ascorbic acid in his 
diet will respond to the test by excreting on the first day, or at the 
latest the second day, a greatly increased amount of ascorbic acid, 
the actual magnitude of the increase varying greatly in individual 
subjects. Vitamin C subnutrition is indicated by a time lag between 
the first test dose and the first appreciable increase in excretion, 
which may be from three days or longer according to the degree 
of subnutrition. This time lag represents the period necessary to 
re-establish the tissues’ stores of ascorbic acid at saturation level. 

On account of the influence of factors other than the intake of 
vitamin C, such as a fluctuating renal threshold, it is difficult to 
state in definite numerical terms the borderline of normality when 
assessing saturation tests, though there is general agreement that 
on the third day of the test, fully saturated individuals should 
excrete not less than 75 per cent of the test dose. 

Attempts to correlate the plasma ascorbic acid and the urine 
ascorbic acid at intervals after a test dose have been made, but do 


not appear to be of more value than the relatively simple saturation 
test. 


PROTEINURIA 


Protein in some form is the most frequently encountered abnormal 
urinary constituent, although its presence is not necessarily indicative 
of renal or urinary tract disease. Conversely, its absence from the 
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purine does not exclude the possibility of impairment of renal 
function. In general, however, it may be said that the finding of 
protein in the urine calls for critical examination of the patient, 
particularly if the protein is accompanied by cells (pus cells and/or 
red blood-corpuscles) and/or casts. An occasional cast or cell is 
probably of little significance, but if protein is present also they 
are most likely of pathological import. 

The most important proteins which may occur in the urine are :— 
Plasma-albumin ; Plasma-globulin (including _lipoid-globulin) ; 
Proteoses ; Bence-Jones proteose ; Fibrin ; Nucleoprotein ; Mucin. 

Plasma-albumin and plasma-globulin are almost invariably co- 
existent in any proteinuria arising from a lesion of the kidney or 
urinary tract. Albumin and lipoid-globulin frequently appear 
together in cases of functional or postural proteinuria, though in 
these cases lipoid-globulin often occurs alone ; a benign functional 
defect may be inferred if cells and casts are absent and if the protein 
only appears intermittently throughout the day. A typically 
‘postural’ proteinuria occurs only after the patient has been in 
the upright position for several hours, though as in a number of 
these cases the protein disappears later in the day, the terms ‘ cyclic’ 
or ‘ orthostatic ’ have been suggested, as better descriptive names for 
the condition. 

In many febrile states and frequently in the later stages of 
pregnancy, albumin and /ipoid-globulin may be found in the urine ; 
in pregnancy proteinuria is of considerable clinical significance even 
though a lesion of the kidney cannot be found, and the clinical 
examination of such patients should include frequent estimations 
of the blood-urea. 

Proteoses are occasionally found when a purulent exudate is 
being absorbed or digested somewhere in the body. They are of 
common occurrence 1n pneumonia. 

Bence-Jones proteose is a relatively rare finding ; it occurs com- 
monly in the urine of patients with myeloma, though it has been 
reported in other conditions involving the bone-marrow also. 

Fibrin occasionally occurs in the urine following the entrance of 
blood-plasma into the urinary tract. It is a rare symptom of villous 
papilloma of the bladder and may be found subsequent to the 
administration of cantharides. 

Small amounts of nucleoprotein and mucin are normal constituents 
of urine, though they may be increased in amount in chronic 
catarrhal states of the urinary tract. Most urines after standing 
for some time deposit a certain amount of mucoid material, which 
is probably a mixture of nucleoprotein and mucin, the former 


predominating. 
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When tests for protein in the urine are positive, it is essential 
to exclude the possibility of contamination of the specimen by 
semen or vaginal discharge having occurred. 


TESTS FOR PROTEIN IN THE URINE 


Heat the upper inch of a column of clear urine in a test-tube 
over a smokeless flame and observe from time to time if any change 
occurs in the clarity of the heated portion of the fluid. Comparison 
with the lower, unheated layer serves to accentuate any slight 
turbidity which may appear. Turbidity due to phosphates may be 
distinguished by their solubility in acid, one or two drops of 5 per 
cent acetic acid dispelling a cloud due to phosphates, but having 
no affect upon precipitated protein. 

It should be noted that proteins (i.e., albumin and globulin) are 
only precipitated by heat when in acid solution, so that before 
applying the test, neutral and alkaline urines should be acidified 
by the addition of one or two drops of dilute acetic acid. An excess 
of acid must be avoided, for otherwise, upon boiling, the composition 
of the protein may be altered in such a way that precipitation by 
heat is prevented. 

The presence of lipoid-globulin may be detected by adding, 
drop by drop, filtered urine to a test-tube of distilled water. Lipoid- 
globulin is insoluble in distilled water, and each drop is followed 
by a milky haze as the lipoid-globulin is thrown out of solution, 
finally settling as a deposit at the bottom of the tube. If too much 
urine is added, the precipitate will be re-dissolved through the agency 
of electrolytes added with the urine (chlorides, etc.). 

Globulins may also be demonstrated by adding to the urine an 
equal volume of an ‘aqueous saturated solution of ammonium 
sulphate. Usually albumin is the predominant protein, but some 
cases of myeloma excrete a mixture of proteins in which globulin 
is most abundant. 

It is sometimes more convenient to employ chemical tests for 
protein in preference to the heat and acetic acid test, in which case 
25 per cent sulphosalicylic acid may be used. The test is best 
applied by adding two drops of the solution to about 5 ml. 
of urine, the milky white precipitate due to protein being readily 
detected by comparison with a volume of urine in a similar 
tube. 

All proteoses, including Bence-Jones proteose, give the following 
reaction: acidify the urine with acetic acid and add two or three 
drops of sulphosalicylic acid. Boil the mixture and filter whilst 


still hot. A precipitate appearing in the filtrate upon cooling is 
due to proteoses. 
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Bradshaw’s test may be applied to distinguish Bence-Jones 
proteose from other proteoses: Superimpose about 5 ml. of urine 
on to an equal volume of concentrated hydrochloric acid. Bence- 
Jones proteose gives a precipitate at the junction of the two fluids, 
and the test is positive in spite of considerable dilution of the urine. 
Other proteins, even if present in high concentration, give at the 
most a faint haze. The precipitate dissolves on heating and 
re-appears when the liquid cools. 

The presence of fibrin in large quantity is indicated by the urine 
being reddish-yellow when passed, a massive jelly-like clot ultimately 
involving most of the specimen. After standing for some hours, 
the clot contracts. A small amount of fibrin may cause only a 
sticky sediment at the bottom of the container, and a clot may not 
form. A fibrin clot may be identified by washing it in 5 per cent 
sodium chloride solution to which a little thymol has been added, 
one portion being then placed in | per cent hydrochloric acid and 
another portion in | per cent hydrochloric acid containing 1 per cent 
of pepsin. After standing at room temperature, or better, in the 
incubator for some hours, the clot in the acid-pepsin solution tends 
to dissolve, whereas that in the plain acid remains intact, though 
it may swell. 


THE QUANTITATIVE ESTIMATION OF PROTEIN 
IN THE URINE 


The method of Esbach is most widely used, and, although not 
absolutely accurate, it is sufficiently so for most clinical requirements. 
The method is of no use for the estimation of less than 0-05 per 
cent of protein, and has the further disadvantage that results are 
not available for twenty-four hours. 

The apparatus consists of a tube, upon the side of which are two 
principal graduations, the lower one being marked U and the 
upper one R. Below the lower mark are secondary graduations 
labelled 4 to 10, reading upwards, the figures representing grammes 
of protein per litre of urine. To use the instrument, the urine 
must first be diluted if necessary to reduce the specific gravity to 
1010 or less, the diluted urine being then poured into the tube up 
to the mark U. Esbach’s reagent (picric acid 1-0 g., citric acid 
2-0 g., water 100 ml.), is then added up to the mark R. The contents 
of the tube are then mixed by inversion, the tube is stoppered and 
stood in a vertical position for twenty-four hours. At the end of 
that time the height of the precipitated protein, as shown by the 
graduations, is noted. Adjustment must be made for any prelimi- 
nary dilution. vat 

Aufrecht’s method is based upon the same general principle 
and has similar limited accuracy. Its advantage is that results are 
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obtainable within a few minutes. The apparatus is a tapered tube 
of a size convenient to fit into a centrifuge bucket, and graduated 
in a manner similar to Esbach’s tube, though the lower graduations 
represent grammes of protein per 100 ml. of urine. To use the 
apparatus, fill with urine up to the mark U (adjustment of the 
specific gravity is not necessary), and add the reagent up to the 
mark R, and mix. Aufrecht’s reagent consists of 1:5 g. of picric 
acid in 100 ml. of 3-0 per cent citric acid. 

The precipitated protein is thrown down by centrifugalizing 
for two minutes at 5000 r.p.m., or for two and a half minutes at 
3000 r.p.m., or for three minutes at 2000-2500 r.p.m., after which 
the height of the precipitate is noted on the graduated column. It 
is essential to adhere strictly to the times and speeds of centri- 
fugalization or serious errors will result. As the graduations on 
most tubes on sale are often very inaccurate, it is necessary to cali- 
brate each tube before it is put into use by performing the test upon 
normal urine to which a known amount of protein has been added. 


INDICANURIA 


Indican is excreted in the urine in the form of potassium indoxyl 
sulphate or potassium indoxyl glycuronate, the amount excreted 
daily being of the order 10-20 mg. It is a decomposition product 
of tryptophane, its immediate precursor being indole, which is 
formed by bacterial activity in the intestine. Its amount is markedly 
increased in carcinoma of the liver, enteritis of various origins, and 
simple constipation. Increased indican excretion also occurs in 
gangrene or other conditions in which body protein is being broken 
down. Under conditions of health a high meat diet increases, 
whilst a high carbohydrate diet decreases, the amount. 


TESTS FOR INDICANURIA 

Jaffe’s test is recommended. Add equal volumes of urine and 
concentrated hydrochloric acid to a total volume of about 15 ml. 
Add one drop of a 1-0 per cent solution of potassium chlorate and 
mix by inversion. Allow to stand for about five minutes then add 
a few ml. of chloroform. Invert slowly about twenty times so that 
the chloroform mixes intimately with the urine-acid mixture, then 
stand the tube upright to allow the chloroform layer to settle. The 
intensity of the blue colour of the chloroform is a measure of the 
concentration of indican in the urine. Normally, the chloroform 
remains colourless. The blue colour is due to the formation of 
indigo-blue by oxidation of indican ; less frequently indigo-red is 
formed instead of indigo-blue. 


EXAMINATION OF URINE 145 


In performing Jaffe’s test for indican, a number of colourless 
precursors of other pigments are oxidized, giving rise to deeply 
coloured mixtures from which the pigments cannot be extracted 
by chloroform. Such reactions may be due to the presence of 
skatole, the pigment skatole-red being extractable with amyl alcohol. 
Patients taking iodides or bromides excrete these drugs in the 
urine, in which cases Jaffe’s test yields a chloroform extract which 
is yellow or brown, owing to the colour of iodine or bromine. 
Treatment of the mixture with thiosulphate discharges the colours 
of both bromine and iodine extracts. 


BILIRUBIN AND UROBILIN 


The chief pigment of the bile is bilirubin, and it may be excreted 
in the urine under conditions in which an excess is circulating in 
the blood. ‘The concentration of bilirubin in the blood is to some 
extent correlated with the amount which is excreted in the urine, 
though the renal threshold of bilirubin varies according to the 
manner in which the pigment is associated with the proteins of the 
plasma, and according to the excretory efficiency of the kidneys. 
In some cases the threshold may be as low as 5-0 mg. per 100 ml., 
whilst in others a serum-bilirubin concentration as high as 16 mg. 
has been found in the absence of bilirubinuria. 

Typically, and most markedly, bilirubinuria occurs in obstructive 
jaundice and various other forms of liver damage, and is character- 
ized by a urine which is brown or greenish-brown in colour. 
Bilirubin itself is brown, but is rapidly oxidized on exposure to 
light and air with the formation of biliverdin (green), bilicyanin 
or cholecyanin (blue), and choletelin (yellow). Chemical tests for 
bile-pigment depend upon the formation of these coloured oxidation 
products by means of oxidizing agents. 

Most of the bilirubin excreted by the liver into the intestine is 
lost in the faeces in the form of stercobilin and to a lesser extent 
in the form of its colourless chromogen, stercobilinogen. Chemi- 
cally, these compounds are identical with the urobilin and urobili- 
nogen (see p. 146) of the urine. Some of the stercobilinogen is 
re-absorbed into the blood and passes back to the liver, where it 
is again utilized in the synthesis of bilirubin; the remainder is 
excreted by the kidneys as urobilinogen. 

As a result of excessive intravascular hemolysis, the quantity of 
bilirubin passing through the liver is increased, and consequently 
the amount of stercobilin formed in the large intestine is increased. 
This favours the re-absorption of stercobilin into the circulation, 
and as a final consequence the amount of urobilinogen excreted in 
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the urine is increased beyond the normal trace. Urobilinogenuria 
is therefore to be found not only in jaundice of hepatic origin, where 
the cycle of bilirubin is disturbed by reason of an absorption defect, 
but also in pernicious anemia and other anzmias associated with 
hemolysis. It occurs also in the majority of febrile states, possibly 
as a result of temporary over-straining of the liver’s capacity to 
deal with a sudden increase of metabolites. 


TESTS FOR BILIRUBIN AND UROBILIN 


The most satisfactory test for the presence of bilirubin in the 
urine is that of Fouchet, in which the pigment is adsorbed on to 
a barium precipitate and then oxidized to biliverdin by ferric 
chloride. To apply the test add 1-0 ml. of 10 per cent barium 
chloride to about 10 ml. of urine; mix and filter. When no 
more filtrate comes through, spread the paper on a dry paper 
to remove as much moisture as possible, then apply a drop of 
Fouchet’s reagent to the precipitate. A play of colours—blue, 
green, and yellow—around the drop indicates the presence of 
bilirubin. 

Fouchet’s reagent consists of 1:0 per cent ferric chloride in 
25 per cent trichloracetic acid. Fouchet’s may be used as a 
‘screening’ test upon blood-serum or plasma, prior to carrying 
out van den Bergh’s reaction. Add a drop of the reagent to a drop 
of serum on a white tile. The protein, precipitated by the trichlor- 
acetic acid, adsorbs the oxidized bilirubin and assumes a blue-green 
colour. 

Urobilinogen may be tested for by means of Ehrlich’s reagent— 
3-0 per cent paradimethylaminobenzaldehyde in 5-0 per cent 
hydrochloric acid. Add one volume of the reagent to 10 volumes 
of urine. Urobilinogen gives a red colour, the intensity of which 
may be enhanced by slightly warming the mixture. 

Urobilin is best demonstrated by Schlesinger’s test; to about 
5-0 ml. of urine add one or two drops of tincture of iodine; in 
another tube mix about 1:0 g. of zinc acetate and 5-0 ml. of ethyl 
alcohol. Mix the contents of the two tubes, allow to stand for a 
few minutes, then filter into a dry tube. Urobilinogen is converted 
into urobilin by the iodine and is then, with preformed urobilin, 
combined as a zinc-urobilin complex which shows a green fluores- 
cence in reflected light. ‘The fluorescence is very effectively demon- 
strated by concentrating light (preferably sunlight) by means of a 
lens in the form of a narrow beam directed through the filtrate 


in the tube. Extraneous light should be excluded as far as 
possible. 
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BLOOD—HAEMATURIA AND HEMOGLOBINURIA 


The most reliable methods of demonstrating blood and blood- 
pigments in urine are respectively microscopy and spectroscopy, 
chemical tests being subject to a number of fallacies. The benzidine 
test (see p. 119) may be applied to the boiled, centrifugalized urine 
deposit, but the results are less informative than a careful micro- 
scopical examination supplemented by the demonstration of the 
characteristic absorption hands of hemoglobin or haemoglobin 
derivatives. 


MELANOGENURIA 


The urine is tested for melanogen in cases of suspected melanotic 
sarcoma. 

To about 5-0 ml. of urine add 1-0 ml. of 10 per cent ferric chloride 
in 10 per cent hydrochloric acid. Melanogen, if present, will be 
oxidized to melanin, and the urine will turn brown or black, depend- 
ing upon the concentration of melanogen. 

There are several other satisfactory tests for melanogen, but 
the above procedure is very sensitive and more convenient 
than most. In cases of doubt, the reaction of Thormahlen may 
be used :— 

To about 10 ml. of urine add 0-5 ml. of 4-0 per cent sodium 
hydroxide (N/1 NaOH). The orange-red colour which results is 
due to the presence of creatinine. Then add about 1-0 ml. of 
a saturated solution of sodium nitroprusside in water; mix, 
then add 33 per cent acetic acid until the reaction of the mixture 
is acid. 

The presence of melanogen is indicated by the formation of a 
definite blue colour (Prussian blue). 

When exposed to light and air, urine containing melanogen 
darkens slowly from the top downwards owing to the formation of 
melanin. Alkaline copper sulphate solutions are not reduced. 


ALKAPTONURIA 


In the rare inborn error of metabolism known as alkaptonuria, 
an oxy-acid 2-5-dihydroxyphenyl acetic acid, known usually as 
homogentisic acid, is excreted in appreciable quantities in the urine. 
Its presence is due to the incomplete oxidation of the metabolites 
of tyrosine. 

Urines containing homogentisic acid reduce alkaline copper 
solutions but not alkaline bismuth solutions. When treated with 
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alkalis such as sodium hydroxide or ammonia the urine turns 
greenish-brown from the top downwards, the colour intensifying 
to dark brown or black when the mixture is stirred. 

Like melanogen, homogentisic acid causes the urine to darken 
when exposed to light and air. If dilute ferric chloride solution is 
dropped into urine containing homogentisic acid, each drop is 
followed by a transient deep blue colour. 


PORPHYRINURIA 


Traces of porphyrins occur in normal urine but in amounts too 
small to affect the colour of the urine or to be detected spectro- 
scopically. Under pathological conditions, slight increases occur 
in a number of diseases without influencing the colour of the urine, 
though their presence may be detected by refined chemical methods. 
In three groups of cases porphyrins may be found in greatly increased 
amount, so that porphyrinuria may be suspected from the colour 
of the urine :— 

1. Congenital porphyria, a rare inborn error of metabolism, in 
which the pigment is deposited in the bones and teeth so that the 
latter are pink. The condition is very damaging, in that extensive 
scarring may result from the hydroa-estivale on the exposed 
surfaces ; loss of nails, deformities of hands, nose and ears, and 
blindness may also result. 

2. In those individuals susceptible to certain drugs, notably 
sulphonal, veronal, and trional. 

3. In acute idiopathic porphyria, of which the cause is 
uncertain. 

The porphyrins found in the urine are uroporphyrin, and sterco- 
or copro-porphyrin, and though they may appear as colourless 
chromogens (porphyrinogens), which can be converted into the 
fully formed pigment by heat or exposure to light, they usually 
are excreted in a form which imparts a pink or port-wine colour 
to the urine. They are excreted as alkaline porphyrins and though 
treated with acetic acid continue to give the absorption bands of 
alkaline porphyrin. Treatment with hydrochloric acid converts 
them into acid porphyrins. Porphyrins fluoresce when examined 
by filtered ultra-violet light, a phenomenon which may be demon- 
strated not only upon urine containing porphyrins, but also upon 
the bones and teeth of sufferers from the condition. 

The only satisfactory methods for testing for the presence of 
porphyrins in the urine are by spectroscopy :— 

To about 15 ml. of urine add a few drops of glacial acetic acid 
and 5 ml. of amyl alcohol. Mix thoroughly and centrifugalize. 
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‘Pipette off the alcohol layer into another tube and examine for the 
absorption bands of alkaline porphyrin. 

Then add one or two drops of concentrated hydrochloric acid 
to the alcoholic extract, mix, and examine for the bands of acid 
porphyrin. 

If the urine is not abnormal in colour, this test may fail, but in 
port-wine coloured urines it is satisfactory. It may be necessary 
to extract a large volume of urine and examine a very thick layer 
of extract in order to demonstrate the bands due to minimal amounts 


of porphyrin. 
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CHAPTER VIII 
TEST OF RENAL AND HEPATIC FUNCTION 


TESTS FOR RENAL EFFICIENCY 


Or the numerous tests of renal efficiency which have been described, 
only three will be mentioned here ; they are the Urea Concentration 
Test, the Urea Clearance Test, and the Urine Dilution and Con- 
centration Test. No attempt will be made to discuss their relative 
merits, the following descriptions being confined exclusively to the 
technical essentials. 


UREA CONCENTRATION TEST 

This test measures the capacity of the kidneys to concentrate 
urea by administering a dose of urea sufficiently large to force the 
kidneys to excrete urea in excessively large amounts. As the kidneys 
are thus working at a disadvantage, any slight excretory defect is 
exaggerated and may thus be more readily detected. 

The patient empties the bladder completely, a sample of the 
urine being placed in a container which is labelled ‘F’. 15 g. of 
urea dissolved in water are then administered, and at intervals 
of one hour thereafter, up to a period of three hours, specimens of 
urine are collected and the volumes of each measured. ‘The urea 
content of each specimen is then determined. 

It is usually considered that a concentration of urea in any 
specimen in excess of 2 per cent indicates normal renal function, 
and that it is immaterial whether the maximum concentration occurs 
in the first specimen or the last. In gross renal insufficiency the 
urea concentration in each specimen is less than 1-5 per cent, and 
is frequently less than 1-0 per cent. ‘The urea content of each 
specimen is approximately the same. 


UREA CLEARANCE TEST 


Urea is never completely absent from the circulation, though this 
test is based upon a hypothetical condition in which, by passage 
through the kidneys, the blood is completely cleared of urea, and 
measures the volume of blood which would thus be cleared in one 
minute. Urine is collected at the end of one hour and at the end 
of two hours after the patient has completely emptied the bladder, 
the volume of each specimen being accurately measured. The urea 
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‘content of each specimen is then determined. At about the end of 
the first hour, blood is collected for the determination of blood-urea. 

From the results obtained is calculated either the Standard 
Clearance (C,), if the volume of urine excreted is 2-0 ml. or less 
per minute, or the Maximum Clearance (C_,), if the volume excreted 
is more than 2:0 ml. per minute. The results are expressed as the 
number of ml. of blood cleared of urea per minute, and this in turn 
as a percentage of the average normal function. 

Calculation of the Maximum Clearance (C,,).—If the 
volume of urine excreted exceeds 2:0 ml. per minute, the rate of 
urea excretion is directly proportional to the urine volume. If the 
volume of urine excreted per minute is V ml., and the urea content 
is U mg. per 1:0 ml., then in one minute the amount of urea 
excreted is (V x U) mg., and the same amount must be removed 
from the blood. 

If the blood contains B mg. of urea in 1-0 ml., then 1-0 mg. of 


urea is contained in se ml. of blood. Therefore (V x U) mg. of 


Vou 
urea are contained in )- ml. of blood, this being consequently 
the volume of blood which is cleared of urea per minute, 


U 
Ley, C.= Ra ml. of blood per minute. 
The average Maximum Clearance is 75 ml. per minute, with a 


OU xv -_100 
range of 60-95 ml. Thus C,, becomes ase ee —— per cent 


B 75 
of average normal function. 

Calculation of the Standard Clearance (C,).—By direct 
observation it has been found that when the volume of urine 
excreted is 2-0 ml. or less per minute, the rate of urea excretion 
varies with the square root of the urine volume. It is therefore 
necessary to calculate what would be the urea output with a standard 
urine volume, and, as a standard, 1-0 ml. per minute has been 
adopted, which corresponds closely with the average volume excreted 
daily by a healthy adult. 

Suppose C is the observed clearance when the volume of urine 
is V ml. per minute, and let C, be the standard clearance with a 
corresponding standard urinary volume of V, per minute. 


Then Cees Va eA. 
Cx /V, 
1.€., pe pee Sa 


II 
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But, as mentioned above, V, = 1-0 ml. per minute. 








: Ga eo 
Therefore C,= Pe 
But, as shown in the calculation of the Maximum Clearance, 
Uy 
the observed clearance C is equal to ee 
Uae y. 1 
Therefore C, = ja Vv 
8 a ml. of blood per minute. 
The average Standard Clearance is 54 ml. per minute, with a 
U x VV __ 100 

range of 40-65 ml. Thus C, becomes a x me cent 


of average normal function. 


URINE CONCENTRATION TEST 

This test is a measure of the capacity of the kidneys to concentrate 
urea and all other urinary constituents and is thus very similar in 
principle to the Urea Concentration test already described, though as 
the test does not involve flooding the circulation with urea, it is 
probably not quite so sensitive. 

The patient is given no food or drink after 6 p.m. on the day 
preceding the test; the last meal should contain plenty of protein 
but the minimum of fluid. The bladder should be emptied before 
retiring to bed and the urine discarded. Discard also all urine 
passed during the night. 

Collect specimens of urine at 10 a.m., 11 a.m., and 12 noon, and 
estimate the specific gravity of each. 

Normal concentrating power is indicated by a specific gravity of 
1022-1035 or more. Values below 1025 merit a repetition of the test. 

Although it is not an essential part of the test, the urea content 
of each specimen may also be estimated ; in no specimen should 
the concentration of urea be less than 2:0 per cent. 


URINE DILUTION TEST 

This test measures the power of the kidneys to excrete water, 
and is best performed whilst the patient is at rest in bed so that 
errors due to perspiration and accelerated metabolism are avoided. 

Water to a volume of 1200 ml. (about 2 pints) is consumed within 
a period of thirty minutes. Specimens of urine are collected at 
hourly intervals for the next four hours, the volumes are measured 
and the specific gravity of each is estimated. 
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Normally, the specific gravity of at least one specimen should 
be below 1010 and may be as low as 1002. Values above 1008 
should be regarded with suspicion and the test should be repeated. 

Approximately all of the 1200 ml. of water taken should be 
excreted within the period of the test. 


LIVER FUNCTION TESTS 


Hepatic function tests are, on the whole, extremely unsatisfactory, 
owing partly to the multiplicity of the functions discharged by the 
liver, and partly to its enormous functional reserve. The latter 
factor allows of normal results being obtained until at least three- 
quarters of the liver tissue is out of action. Further complicating 
the issue is the fact that liver damage is so often secondary to, or 
coincident with, dysfunction of other organs (particularly the 
pancreas) that it is difficult or impossible to determine the extent 
to which extra-hepatic influences contribute to the results obtained. 

The literature on the subject is voluminous, authoritative 
opinions differ widely, and the numerous tests which have been 
proposed by various workers from time to time are based either 
upon empiricism or upon insecure assumption. Diagnostic or 
prognostic help is more likely to be afforded by a combination of 
tests rather than any one by itself, though the author feels that the 
most dangerously misleading results are liable to be obtained in 
those cases where the clinical findings are equivocal and in which 
one might hope for laboratory aid. By the time liver dysfunction 
has progressed to a stage at which the function tests yield abnormal 
results, they are no longer required, for the clinical picture is 
sufficiently clear. 

In comparative studies of the value of individual tests and 
combinations of tests, it has been shown that the closest agreement 
between clinical diagnosis and laboratory results were obtained by 
a combination of the thymol turbidity test, the thymol flocculation 
test, and the estimation of the serum alkaline phosphatase. ‘The 
least satisfactory of the individual tests was the thymol turbidity. 
The most satisfactory of the individual tests were the thymol 
flocculation test and the estimation of alkaline phosphatase. 

The estimation of phosphatase has been discussed on p. 92. 


THYMOL TURBIDITY TEST 


A number of modifications of the thymol turbidity and floccula- 
tion tests have appeared during recent years, though there is little 
evidence that the value of the test has been enhanced by any of 
them. The following method has been found to give satisfactory 


results :— 


154 TECHNIQUES IN CLINICAL CHEMISTRY 


Specimen required.—Clotted blood. As only 0:05 ml. of 
serum is used in the test, sufficient blood may be obtained by 
capillary puncture. 

Reagents required.— 

1. Barbitone. 

2. Barbitone sodium. 

3. Thymol. 

4. Thymol buffer solution, pH 7-8: To 500 ml. of distilled 
water add 1-38 g. of barbitone, 1:03 g. of barbitone sodium and 
about 3 g. of thymol. Heat just to boiling-point, shake thoroughly, 
and cool under running water. The solution should be turbid. 
Add about 0:5 g. of powdered thymol, shake, and stand overnight 
at a temperature of 20-25° C. 

Shake again thoroughly and filter off the crystalline deposit. 
Store the filtered buffer at a temperature between 20° and 25° C., 
as the solubility of thymol is significantly reduced at lower 
temperatures. 

Technique.—Measure 0-05 ml. of serum into a dry tube of 
standard internal diameter, and add 3-0 ml. of thymol solution. 
Stand for thirty minutes, then compare the density of the turbidity 
with the protein standards of King and Haslewood (1926), used in 
the turbidimetric determination of cerebrospinal fluid protein. If 
the turbidity exceeds that of the 100 mg. standard, dilute with a 
further measured volume of thymol solution, until a match is 
obtained. 

The result is expressed in arbitrary units by application of the 
following formula :— 


S _. reciprocal of final serum dilution 


10 60 


e.g., the primary dilution is 1 in 60, and to obtain a match with the 
80 mg. protein standard, 3 ml. of thymol solution were added, to 
give a final dilution of 1 in 120. The result is 16 units. 

The normal limits are 0 to 4 units. 


Units = 





THYMOL FLOCCULATION TEST 
Allow the tube used in the turbidity test to stand undisturbed 
for twenty-four hours. No flocculation occurs in most normal 
sera, whilst in 46 per cent of sera from jaundiced patients floccula- 


tion, which may result in complete clearing of the supernatant 
fluid, has been reported. 


REFERENCE 
KING, E. J., and HasLewoop, G. A. D. (1936), Lancet, 1, 1153. 
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APPENDIX 


1. NORMAL BLOOD VALUES 


THE usual range, in health, of the blood constituents for which 
methods of quantitative estimation have been described in the text. 
Unless otherwise stated, values are given in mg. per 100 ml. of 


blood, serum, or plasma. 





ESTIMATION 


Ascorbic acid 


WHOLE BLoop 














Bilirubin —_— 
Bromides _— 
Calcium 5-7 
Carbon dioxide combining — 
power 
Chlorides 450-530 
Cholesterol 200-250 
Glucose : 

Fasting 70-110 
Maximum after meals 180 
Iron 40-55 

Magnesium 2-4 
Non-protein nitrogen 27-45 
Phosphatase : 
Acid = 
Alkaline = 
Phosphorus, inorganic 2-5 
Potassium 150-250 
Proteins : 
Total — 
Albumin —- 
Globulin = 
Fibrinogen — 
A/G ratio — 
Sodium 170-225 
Urea 18-35 
0:3-4-0 


Uric acid 





SERUM OR PLASMA 
0-8-2:-4 
0:1-0-5 
0-5-2:5 


9-11 
(children 10-12) 


53-11 Vou 
CO, per 100 ml. plasma 
(infants 46-63) 
560-620 
200-250 
70-110 
180 
0:06-0:22 
1-4 
18-30 


0:5-5:0 units 
5:0-10-0 units 
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2. ATOMIC WEIGHTS 


ee 


ELEMENT SymBoL | ATOMIC ELEMENT SymBoL | ATOMIC 
WEIGHT WEIGHT 

Aluminium Al 26:97 Iodine I 126-932 
Bachan Ba lees Hi Iron Fe 55:84 
Bromine Br 79:916 | Magnesium Mg 24-325 
Calcium a 40:07 Manganese Mn 54-93 
Carbon C 12:0 Mercury Hg 200-61 
Chlorine Cl 35:457 | Nitrogen N 14-008 
Chromium (ein 52:01 Oxygen O 16-0 
Cobalt Co 58-94 Phosphorus ip 31-027 
Copper Cu 63:57 Potassium K 39-096 
Fluorine F 19-0 Silver Ag 107-880 
Gold Au 197-2 Sodium Na 22-997 
Hydrogen H 1:008 | Sulphur S 32-064 © 


I 


3. CALIBRATION OF GLASSWARE 
WITH MERCURY 


As observed on p. 5, every laboratory should possess at least 
one pipette of capacities 1 ml., 5 ml., and 10 ml. each, which have 
been certified by the National Physical Laboratory to be accurate 
to within -+.0-02 ml. These pipettes may be used to calibrate 
others of inferior quality by the following method :— 

Deliver from the N.P.L. pipette an accurately measured volume 
of clean, dry mercury into a clean, dry tube, draw up the entire 
volume into the pipette which is to be calibrated and mark the level 
of the meniscus with a finely pointed grease pencil. With practice, 
it will be found that the easiest way to do this is with the pencil 
held between the teeth. This method is immediately applicable to 
pipettes which are graduated to the tip, though it may be applied, 
with a minor modification, to those which are graduated between 
two marks on the stem. In such cases, add to the measured volume 
from the N.P.L. pipette, the volume between the tip and the lower 
mark ; in an accurately graduated pipette, the total volume should 
then reach to the upper mark. Having determined the correct 
position of the graduation which is being checked, engrave a 
permanent mark with a diamond or fluoride marking fluid. 

Pipettes of capacity greater than 2 ml., and volumetric flasks of 
all sizes, are more easily calibrated with water than with mercury. 
Using water, the method described is not accurate, as it is not 
possible to ensure that no loss occurs during the transfer. The 
method in this case is to weigh the volume of water contained in 
the pipette or flask and either re-graduate or apply a correction | 
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‘factor accordingly. The weights of 1 ml. of mercury and water 
at various temperatures are given in the tables below :— 


Temp. °C. 14 16 18 20 
Weight (g.) of 1-0 ml. 
water 0-99927 0-99897 0-99862 0-99823 
Weight (g.) of 1:0 ml. 
mercury 13-5609 13-5560 1375511 13-5462 


As for ordinary purposes an error of +-1-0 per cent is permissible, 
the slight variations in volume caused by changes of temperature 
may be neglected, and the weight of 1-0 ml. of water at ordinary 
laboratory temperature may be regarded as 1:0 g. Similarly the 
weight of 1-0 ml. of mercury may be accepted as 13-56 g. 


4. DICHROMATE CLEANING FLUID 


Sodium or potassium dichromate .. 10 g. 
Sulphuric acid, concentrated voy greta B 
Water a - ee to 100 ml. 


5. PREPARATION OF STOP-COCK GREASE 


Add together one part by weight of crépe rubber, two parts of 
paraffin wax of melting-point 36° C., and four parts of ‘ Vaseline « 
Place in an oven at a temperature of 150° C., stirring occasionally 
until the mixture is homogeneous. 


6. NORMALITY OF CONCENTRATED ACIDS 
AND BASES 


ne 











APPROXIMATE AMOUNT REQUIRED 
SUBSTANCE NORMALITY OF TO MAKE | LITRE 
CONCENTRATED oF APPROXIMATELY 
SUBSTANCE NorRMAL SOLUTION 
Acids:— 
Acetic (glacial) 17 N 60 ml. 
Hydrochloric 10 N 100 ml. 
Nitric 16 N 63 ml. 
Sulphuric 36 N 28 ml. 
Bases:— 
Ammonia 
(Sp. G., 0°88) 20 N as ml. 
: a ms 
Pot. hydroxide 42° 


Sod. hydroxide So 
ee 
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7. ACCURACY OF VOLUMETRIC FLASKS 


Volumetric flasks, with one mark on the neck, are made in various 
sizes between 5:0 ml. and 2000 ml. The British Standards Institu- 
tion recognize two grades of accuracy, namely Class A and Class B, 
and certain specifications are laid down relating to accuracy and 
dimensions. Of these specifications, some are mandatory whilst 
others are optional. The more rigid requirements are, of course, 
in connexion with the form and accuracy of Class-A flasks. Regard- 
ing limits of inaccuracy, the following table gives the tolerances 
permitted by the Institution :-— 





NOMINAL "TOLERANCE 
Capacity = |———_—————__—_—_—_— 
Class A Class B 
ml ml. ml 
5 +0-02 +0:03 
10 +0:02 +0:03 
25 +0:03 +0:04 
50 +0:04 +0-:06 
100 +0-06 +0°1 
200 +0:1 +0:2 
250 +0:1 +0:2 
500 +0:15 +0:3 
1000 +0:2 +0:4 
2000 +0-4 +0-6 





Further details may be found in the British Standard 1792 : 1952 
published by the British Standards Institution. 


8. SPECIFICATIONS FOR GRADUATED PIPETTES 


Confusion often arises regarding the meaning of the terms 
“to contain’ and ‘to deliver’. It is frequently assumed that a 
pipette graduated to the tip- contains a specified volume of liquid 
when filled to the topmost graduation. This is not necessarily so. 
A pipette is calibrated to contain or calibrated to deliver a certain 
volume, and even though it is graduated to the tip, it may still have 
been calibrated to deliver. 

Graduated pipettes are of three types :— 

1. Those calibrated downwards, for delivery from zero to the 
graduation mark. These pipettes are sometimes referred to as 
‘calibrated to deliver between two marks ’. 
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2. Those calibrated for delivery down to the jet: It is 
pipettes of this type which are so often wrongly referred to as 
being calibrated ‘to contain’. In use, they should not be emptied 
completely, for allowance is made for the drop which remains in 
the jet when they are calibrated and the graduation marks inscribed. 
They should be allowed to drain for fifteen seconds in a vertical 
position, with the tip held against the side of the vessel into which 
their contents are being measured. 

3. Those calibrated for contents: In use, pipettes of this type 
should be emptied completely, either by blowing out the last drop 
from the jet, or by washing out. 

Certain specifications are laid down by the British Standards 
Institution in respect of limits of inaccuracy of pipettes of all 
kinds. The following table gives the tolerances accepted by the 
Institution on graduated pipettes of the types referred to above :— 


eres ee 
NoMINAL ‘TOLERANCE 


CAPACITY —————————— 
Class A Class B 

ml. ml. ml. 
1 +0-01 +0-02 
2 +0:01 +0-02 
5} +0-02 +0-03 

10 +0-03 +0:06 

25 +0-06 +01 





DELIVERY TIME 


“The delivery time is the time occupied by the descent of the 
water meniscus from the topmost graduation mark to the lowest 
graduation mark”. The British Standards Institution specify in 
detail the method to be adopted for the determination of the delivery 
time. 


DELIVERY Times OF Type 1 PIPETTES 








NOMINAL MINIMUM MaxIMumM 
Capacity |———_——___—__|_—________—_- 
Class A Class B Class A and B 
ml sec sec sec 
1 40 30 80 
10 40 30 80 
25 50 35 100 


I2 
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DELIVERY TIMES OF ‘TYPE 2 PIPETTES 


NOMINAL MINIMUM MaxIMuM 


Capacity = |———————_ , | —— 
Class A Class B Class A and B 





ml. sec. sec. sec. 

1 10 5 20 

2: 15 7 Pas 

5 20 10 30 

10 25 15 35 

Dey 25 20 50 

DELIVERY TIMES OF TYPE 3 PIPETTES 
NOMINAL MINIMUM MaxIMuM 

Capacity |W a oe_ iii — 

Class A Class B Class A and B 

ml. sec. sec. sec. 

1 2 2 6 

2 2 Pe 6 

5 5 3 10 

10 8 8 15 

25 15 15 30 


Sa 


Further details may be found in the British Standard 700 : 1952, 
published by the British Standards Institution. 
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9. SPECIFICATIONS FOR ONE-MARK BULB 
PIPETTES 


The permitted limits of inaccuracy of pipettes of this type are 
shown in the table below :— 





NOMINAL ‘TOLERANCE 
Caracrry | |—<€££§$-_ —ioie—— i __ 
Class A Class B 
ml. ml. ml. 
1 0-01 0-02 
2 0-01 0-02 
5 0-02 0-03 
10 0-02 0-04 
20 0-03 0:05 
25 0-03 0-06 


DELIVERY TIMES FOR ONE-MARK BULB PIPETTES OF 
Crass A AND Ciass B 


NOMINAL MINIMUM Maximum 
CAPACITY 
ml sec. sec 
1 5 10 
2 a 15 
5 10 20 
10 ils 25 
20 15 30 
25 20 35 


Further details on one-mark bulb pipettes may be found in the 
British Standard 1583: 1950, published by the British Standards 
Institution. 
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10. SPECIFICATIONS FOR BURETTES 


A large number of specifications are laid down in respect of the 
essential characters of burettes of all kinds. The most important 
are tabulated below :— 


ee ee 











NOMINAL TOLERANCE OF INACCURACY 
CAPACITY SUBDIVISION 
Class A Class B 
ml ml ml. ml 
1 0-01 +0-01 +0-02 
2 0-02 +0:01 +0-02 
5 0:02 +0-02 +0-03 
S 0:05 +0-02 +0-03 
10 0-02 +0-02 +0-04 
10 0:05 +0:02 +0-04 
25 0-05 +0-03 +0-:06 
25 0-1 +0-04 +0-08 
50 0-1 +0:06 +0-1 
100 0:2 +0:1 +0-2 
DELIVERY ‘TIMES 
LENGTH 
OF SCALE ae emu 
Minimum Maximum 
Class A Class B Class A and B 
cm Sec, sec sec 
20 40 30 15 
25 50 35 90 
30 60 40 105 
35 70 50 120 
40 80 55 135 
45 90 60 150 
50 100 70 165 
55 110 75 180 
60 120 80 195 
65 130 90 210 
70 140 95 325 





Further details concerning burettes may be found in the British 
Standard 846 : 1952, published by the British Standards Institution. 
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Eciampsia, blood non-protein 
nitrogen in - - 52 
— urinary diastase in - - 138 
Ehrlich’s diazo reagent - - 102 
— test for urobilinogen in 
urine - - - 146 
Electrophotometry —~ - - 
Enteritis causing indicanuria - 144 
Equivalent weight - 8, 9, 10 
Erythrodextrin - - = ley, 
Esbach’s test for protein in 
urine - - - 143 
Exudates, collection of - - 36 
F2cEs, analysis of (Fig. 6) 114 
— bilirubin in - - - 120 
— collection of - - - 34 
— detection of occult bloodin 119 


— estimation of fat in (Fig. 6) 114 
— microscopical examination 


of - - - - 118 
— urobilin in - 120 
Fasting before taking ‘blood 
specimens - - 26; 
Fat in feces, estimation of 
(Fig. 6) 114 
— — — interpretation el 17, 
Fatty acids - - =m Lae LED 
Fermentation test for glucose 
in urine - - - 128 
Fibrin in urine~ - - 141, 143 
Fibrinogen, estimation of - 74 
Flasks, graduated - - - S 
— volumetric, accuracy of - 158 


Fluoride and potassium oxalate 
in prevention of glyco- 


lysis - - - 5 eM 
— thymol in prevention of 
glycolysis - - - 3i1 


Folin blood-sugar tube (Fig. 3) 57 
— and Ciocalteu, reagent of 
, 92, 93 
— Wu’s method of estimating 
blood-glucose 
(Fig. 3) 56, 60 
— — — preparing protein- 


free filtrate - 36 
Formaldehyde, structural for- 
mula - - 
Fouchet’s test for ‘bilirubin in 
urine - - - - 146 
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PAGE 
Fractional test-meal - 2s 
Fracture, healing of, serum- 
phosphatase in - - 95 
GANGRENE causing indicanuria 144 
Gastric analysis - - - 121 
— — thymol bluein - = ee 
— chlorides, estimation of - 121 
— contents, collection of SS) 
— — estimation of free and 
combined hydro- 
chloric acid in - 124 
— juice, pH of - - - 124 


— organic acids, detection of 123 
Gastro-intestinal hemorrhage, 
effect on blood-urea - 45 
General paralysis of insane, 
cerebrospinal fluid pro- 


teins in - - - 109 
— — — colloidal gold reac- 
tion in - - 113 
Gerhardt’s test - =o 152 
Glassware, calibration of, with 
mercury - - - 156 
— cleaning of - - - 26 
‘Globulin’ reactions of cere- 
brospinal fluid - - 109 
Glucose in blood (see Blood- 
glucose) 
— capillary concentration of - 33 
— in cerebrospinal fluid, esti- 
mation of - - - 107 
— standard solutions, stock 
and working - - 56 
— inurine, detection and esti- 
mation of - - 5 APA; 
— — estimation of _ - - 34 
— — interpretation of -' - 129 
Glucose-tolerance test - 129 
Glucosuria, ‘ renal’ - 129, 130 
Glycolysis, prevention of Ss) Sil 
Graduated flasks - - - 3) 
— pipettes - - ~ - 4,5 
Gram-equivalent weight - 9 
Guaiacum test - - - 119 
Gum ghatti - - - - 40 
HAEMATURIA - - - - 147 
Hemobilirubin  - - - 103 
Hemoglobin equivalent - 84 
Hemoglobinuria - ~ 147 


Hagedorn and Jensen’s method 
of estimating blood- 


sugar - SAW steht 
Halides, argentometric estima- 

tion of - - =. 23 
— determination of, with silver 

nitrate - - - 413 
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PAGE 
Heart failure, effect on pine 
urea - - 45 
Heat and acetic en test for 
proteinuria - - 142 
Heparin as anticoagulant - 30 
Hirudin as anticoagulant - 30 
Histamine hydrochloride injec- 
tion in achlorhydria - 125 
Homogentisic acid, prevention 
of oxidation of - - 34 
—— inurine - - - 147 
Hydrochloric acid, ‘active’ - 122 
— — dissociation of - - 418 
— — free*and combined, in 
gastric contents, esti- 
mation of - - 124 
— — — normal values =e 22 
— — molecular weight of - 9 


— — N/10,standardizationof 15 
— — inpreservation of urine 34 
Hydrogen iodide in iodometric 

standardization - <- ies 
— ion concentration(pH) - 17 
— sulphide in preservation of 


ascorbic acid in urine - 139 
— valency of 24 
Hyperthyroidism, ipods Rots 

esterol estimation in - 67 
Hypochlorhydria - - - 122 
INDICANURIA - - - 144 
Indicators - - - - 20 
— adsorption - - = 429 
Indole - - = - 144 
Influenza, cerebrospinal fluid 

proteins in - - 109 
Iodide excretion complicating 

test for indicanuria - 145 
Iodine in iodometric standard- 

ization - - 15a LG 
Iodometric method of estima- 

ting cerebrospinal fluid 

chlorides’ - - - 106 
— — — plasma-chloride - 7] 


— standardization of solutions 14 
— technique in non-protein 


nitrogen estimation - 49 
— titration - - - - 14 
Iron, blood, estimation of - 82 
— — — interpretation = 
— solution, standard - - 82 


JAFFE’s test forindicanuria - 144 

Jaundice, serum-phosphatase in 96 

— obstructive, causing bili- 
rubinuria - - - 145 
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PAGE 
Jaundice, van den Bergh reac- 
tion in - - 103, 104 
Jet delicacy - - - - a 
Juxta-pyloric ulcer, gastric 
analysis in - - - 123 


KALA-AzaAR, plasma-protein es- 
timation in - - - 76 


Kastle-Mayer’s reaction - 119 
Ketone bodies in urine, detec- 
tion of - - - 130 
Ketonic acids - - - 102 
Ketonuria in diabetes - 130, 132 
Kidney disease, blood-urea 
estimation in - 44, 52 


— — non-protein nitrogen es- 
timationin  - - 51 
Kjeldahl apparatus for estima- 
tion of blood non-pro- 
tein nitrogen (Fig. 2) 46 
— and back-titration in non- 
protein nitrogen estima- 
tion - - - - 45 
— nesslerization in non-pro- 
tein nitrogen estimation 48 


LACTOSE in urine - = sege ales 
Levulose in urine - - - 129 
— — test for - = =) 128 


Lange’s colloidal gold reaction 
Leukemia, effect on blood-urea 45 
Liebermann-Burchard reaction 62 


Light-filtering - - = 6) 
‘ Linkages’ - - - ee 
““aimlks ” - - - - 25 


Lipzmia, blood-cholesterol es- 


timation in - =O 
Lipoid-globulin in urine 141, 142 
Litmus as indicator - Sa By) 
Liver, carcinoma of, causing 

indicanuria - - 144 
— damage causing bilirubin- 

uria - - - - 145 
— function tests - - - 153 
Lysol in cleaning glassware - 26 


McLean’s apparatus for estima- 
tion of urine urea 
(Fig. 7) 135 
— blood-sugar method - 4 
Magnesium, serum, estimation 


of - - - = 79 
Melanogen, prevention of oxida- 

tion of - - - 
Melanogenuria-= = - - - 147 
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PAGE 
Meningitis, cerebrospinal fluid 
chlorides in - - 106 
— — — glucosein - - 107 
— ——--—— protein in | = - 109 
— colloidal gold reaction in - 112 
Metaphosphoric acid - - 96 
Methane, structural formula - 25 
Methyl orange as indicator - 22 
— red as indicator - - 22 
Milliequivalent weight - - 9 
Molar solutions - - - 10 
Molecular weight - - - 9 
Molybdate reagent - - 80 
— sulphuric acid reagent - 85 
Molybdenum blue - - 86 
Mucin in urine - - - 141 
Mumps, cerebrospinal fluid 
proteins in - - 109 
Myeloma, Bence-Jones protein 
in urine in - - - 141 
— effect on blood-urea - - 45 
— multiple, plasma-protein es- 
timation in ~ - 76 
NAPHTHYL ethylene diamine 
reagent - - - 88 
Needles, cleaning of — - a 


Nephritis, acidosis of, serum 
inorganic phosphorus 
estimation in - - 87 


— alkali reserve in - - 102 
— blood non-protein nitrogen 
in - - - = 52 
— effect on blood-urea - - 45 
— plasma-chloride estimation 
i= - - = 
— serum-calcium estimationin 70 
— urine chlorides in - - 133 
— with chloride retention - 106 
Nesslerization in non-protein 
nitrogen estimation - 
Nessler’s reagent - - 40, 41 
— — use of pipette with - = 
Neuritis, cerebrospinal fluid 
proteins in - - - 109 
Neutralization - - - 13 


Nitrogen, non-protein, estima- 

tion of blood (Fig. 2) 45 

— retention - - = oy? 
— — determination of, in 

blood-urea estimation 45 


— valency of - ap ies 24 
Non-protein nitrogen, estima- 

tion of blood (Fig. 2) 45 
— — — interpretation ae) 2}! 
Nonne-Apelt reaction, Phase 1 110 
Normality factor - - - 10 
Nucleoprotein in urine - - 141 
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PAGE PAGE 
OccuttT blood in feces, detec- Plasma fibrinogen, estimation of 74 
tion of - - - 119 — globulinin urine - 141, 142 
(Estrogen treatment, serum- — pH inacidosis- — - - 102 
phosphatase in - - 95 — proteins, estimation of - 73 
Organic acid in gastric contents 124 — — — interpretation - 76 
— — — detection of - - 123  — sodium, estimation of =O 
‘ Orthostatic ’ proteinuria - 141 — — — interpretation - 79 
Orthotolidine test - - - 119 — true - - - - 3l 

Orthotoluidine test - - 119 Pneumonia, cerebrospinal fluid 
Oxidation - - - = ie chlorides in - - 106 
Oxygen, valency of - - 24 — plasma chloride level in - 73 
— — protein estimation in - 76 
— proteose in urine in - - 141 

PANCREATIC digestion, products Poliomyelitis, | cerebrospinal 
of - - - = ah bs: fluid proteins in - - 109 

— disease, fecal fat analysis Porphyria, congenital and idio- 
in - - - - 118 pathic - - - 148 
— efficiency, test of - - 138 Porphyrinogens - - - 148 
Pancreatitis, acute, urinary dia- Porphyrinuria - - - 148 
stase in - - - 138 ‘ Postural’ proteinuria - - 141 
Pandy test - - - - 110 Potassium bi-iodate - - 96 
Pathological specimens, collec- — dichromate in oxidation - 14 

tion and _ submission — estimations, preparation of 
to laboratory of - - 28 plasma for - - - 32 
pH, definition - - 17, 18 — ferricyanide, alkaline 58, 59 


Phenol reagent of Folin and 


Ciocalteu - - 73, 92, 93 


Phenolphthalein as indicator 


90.21 22 


Phosphatase, serum, estimation 


Oo - 
Phosphate(s) solutions, stan- 


92 


dard, stock and working 80, 85 


— turbidity of urine due to - 142 
Phosphomolybdic acid  solu- 
tion = - - - 56 
Phosphoric acid, equivalent 
weight of - =: - 9 
— tungstic acid solution - 71 
Phosphorus, inorganic, estima- 
tion of serum - - 85 
Photo-electric colorimeter = - 7 
Pipettes - - - - 4 
— bulb, delivery time of one- 
mark - - - 161 
— — specifications for one- 
mark - - - 159 
— cleaning - - - - .26 
— graduated, delivery time of 159 
-—— — limits of inaccuracy = 159 
— — specifications for - 158 
— National Physical Labora- 
tory - - - - 156 
Plasma albumin, estimation of | 74 
——inurine - - 141, 142 
— chlorides, estimation of - 70 
— — — interpretation =o nS 


— CO,-combining power of, 


estimation of (Figs. 4, 5) 99 


— iodate in iodometric stand- 


ardization - = - 14 
— oxalate as anticoagulant - 30 
— permanganate factor - 67 
— — in oxidation - - 13 
— — standardization of - 15 
—  persulphate - - - 82 
— serum estimation of - - 87 
— — — interpretation - 90 
— solution, standard, stock 

and working . - 88 
— thiocyanate, alcoholic - 105 
———N/10 - - - 121 
———3-N_ - - - 82 
Precipitation - - ~-LS 
Pregnancy, blood-urea estima- 

tion in - - - 44 
— proteinuria - - - 141 


Prostatic hypertrophy, effect of, 
_on blood-urea_ - - 
Protein(s) in cerebrospinal fluid, 


estimation of total - 107 
— deficiency, edema dueto - 76 
— hydrochlorides in gastric 

contents - - - 124 
— plasma estimation of wee fe, 
— — — interpretation - 76 
Protein-deficient diet, effect on 

blood-urea - - 44 
Protein-free filtrate, collection 

(aye) - - - 36 
Proteinuria - - - - 140 
— tests for - - - - 142 


— — quantitative = - 14 
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PAGE 
Proteoses in urine - 141, 142 
Pyloric function, assessment 
of - - - - 123 
QUANTITATIVE determinations, 
sources of inaccuracy in ul 
REDUCTION - - - - 414 
Regurgitation, chloride analysis 
and - - - = GY 
Renal (see also Kidney) 
— efficiency, tests for - - 150 
— glucosuria - - 129, 130 
Rest-nitrogen - - = Sey 
Rickets, serum inorganic phos- 
phorus estimation in - 87 
Rothera’s test - Ss ficth gee 
SALIVA complicating examina- 
tion of gastric contents 
35, 126 
Salivary obstruction, urinary 
diastase in - - - 138 
Sarcoma, melanotic, causing 
melanogenuria - - 147 
Saturated compounds - 2.) 
Saturation test, vitamin C - 140 
Schlesinger’s test for urobilin 
in urine - - - 146 
Schmidt-Werner extraction tube 
(Fig. 6) 116 
Scurvy, serum ascorbic acid 
estimation in - - 98 
— urinary ascorbic acid in - 140 
Selivanoff’s reaction for lavu- 
lose in urine - - 128 
Serum ascorbic acid, estima- 
tion of - . - 96 
— — — — interpretation - 98 
— bilirubin, detection and 
estimation of - - 102 
— bromides, estimation of - 91 
— calcium, estimation of - 67 
— — — interpretation - 70 
— collection of, for analysis - 32 
— inorganic phosphorus, esti- 
mation of - - - 85 
— — — — interpretation - 87 


— magnesium, estimation of 79 
— phosphatase, estimation of 92 


— potassium, estimation of - 87 
— — — interpretation - 90 
— sodium, determination of - 17 
Silver cobaltinitrite reagent - 87 


— iodate - - : - @ 
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PAGE 
Silver nitrate, determination 
of halides with - . is! 
——— solution, N/10 > = - 121 
— — — standard - - 105 
— — standard - - - 70 
Skatole complicating test for 
indicanuria - - 145 
Soaps - = - - 114, 115 
Sodium bisulphite - - 85 
— citrate as anticoagulant - 30 


— cyanide solution in blood 
uric acid estimation 52, 54 
— hydroxide, method of dis- 


solving - - . 3 
— — WN/10, alcoholic - - 114 
— hypobromite - - = ) 133 
— iodide - - - - 72 
— plasma estimation of - 76 
— — — interpretation - 79 
— stearate - . - - 115 
— tungstate, chloride-free - 71 


— — and sulphuric acid in 
preparing protein-free 

filtrate - - - 36 

— zinc uranyl acetate - ne al YE 
— — — — interaction be- 
tween sodium 

hydroxideand 17 
Solution(s), iodometric stand- 


ardization of - - 14 

— molar - - - - 10 
— normal - - - - 10 
— standard - - - - 10 
— — preparation of - Seno i 
— stock - - - - 16 
— working - - 16 


Somogyi - Shafter - Parton 
method for estimation of 
blood-sugar - - 38 

Spectroscopy in porphyrinuria 148 

Spinal tumours, cerebrospinal 
fluid proteins in - - 109 

Standard solutions - 3, 4, 10 

Standardization of solutions, 


iodometric - - - 14 
Starch as indicator in iodometric 
standardization - - 16 
— solution, soluble - - 136 
Stearic acid - - - = alle} 
Steatorrhoea, true - - - 118 
Stercobilin - - - - 145 
Stercobilinogen’ - - - 145 
Stercoporphyrin in urine - 148 
Sterilization of syringes and 
needles - - - 27 
Stomach, malignant disease of, 
gastric analysis in - 122, 124 
Stop-cock grease, preparation 
ig - - =» 157 
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PAGE 
Subacute combined degenera- 
tion of cord, cerebro- 
spinal fluid proteins in 109 
Substrate solution - - 92 
Sulphate-chloride- eG mix- 
ture - - - 59 
Sulphosalicylic acid test for 
proteinuria - - 142 
Sulphuric acid, concentrated, 
dilution pte - - 3 
—  — molecular weight of - 9 
— — 10-N - - - 80 
Syphilis, cerebrospinal fluid 
proteins in - - - 109 
— colloidal gold reaction in - 112 
Syringes, cleaning of - = PH 


Tases, colloidal goldreactionin 113 


Takata-Ara reaction - - 110 
Tashiro’s indicator - - 43 
“Teepol’  - - - - 28 
Test-meal, fractional - - 125 
Tetany, infantile, serum-cal- 

cium estimation in 5S 78) 
Thormahlen reaction - - 34 
— — in melanogenuria - 147 
Thymol blue as indicator = 
— buffer solution - - 95 
— flocculation test - 153, 154 
— turbidity test - - 153 
Titration(s) - - - - 8 
— acid and base - - - 19 
— — — indicators for fal 
— aim in - - - =a) 21 
— back - - - 12313 
— direct - - - 2S 
— iodometric - = ons 14 
Toxemia of pregnancy, urinary 

diastase in - - - 138 
Transfer pipettes - - - 4 
Transudates; collection of - 36 
Triglycerides - =j. AME aa No 
‘Triple acetate’ - - = i 
Tristearin - - - 114 115 
Tryptophane - - - 144 
Tuberculosis, plasma protein 


estimation in - - 76 
Tuberculous meningitis, cere- 
brospinal fluid chlorides 


IY Pies - - - 106 
— — — — glucose in - 107 
Tungstic acid in preparing 
protein-free filtrate - 36 
Tungsto-molybdic acid as de- 
proteinizing agent S37 
Typhoid, cerebrospinal fluid 
proteins in - - - 109 
Tyrosine standard - = WE 
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UNSATURATED compounds - 25 
Urea in cerebrospinal fluid, 


estimation of . - 107 
— clearance test - \ - - 150 
— concentration test - - 150 
— estimations, fluoride in blood 

contra-indicating - 31 
— hydrolysis of, by incabalien 

with urease - 39 


— in urine, estimation of 
(Fig. 7) 133 
Urease in hydrolysis ofurea - 39 


— suspension - - - 39 
Uric acid, blood estimation, 
Benedict’ s method - 54 
— — — — interpretation - 56 
— — reagent ~ - - 52 
— — standard, stock and 
working solutions 53, 55 
Urinary diastase, estimation 
of = - - - 136 
Urine ascorbic acid, estima- 
tion of - - - 138 
— bilirubin in - - - 145 
— blood in - - - - 147 
— chlorides, estimation of - 132 
— concentration test - - 152 


— detection of ketone bodies 

in - - - - 130 
— dilution test - - = Albsy! 
— examination of (Fig. 7) 127-149 
— glucose in, detection and 


estimation of - - 127 
— homogentisic acid in - 147 
— indican in - - - 144 
— melanogen in - - - 147 
— porphyrins in - - - 148 
— protein in (see Proteinuria) 
— specimens, collecting =a Oo 
— urea in, estimation of 
Crags t)piee 
— urobilin in - - - 145 
Urobilin in faeces - - - 120 
— urine - - ~ - 145 
Urobilinogen - - - 145 
Urobilinogenuria - - - 146 
Uroporphyrin in urine - - 148 
VALENCY = - - - - 24 
Van den Bergh reagents - 102 


Van Slyke’s apparatus for esti- 
mation of CO,-combin- 
ing power of plasma 
(Figs. 4, 5) 99 
Venous blood, collection of 29, 30 
Virus infections, cerebrospinal 
fluid protein in - - 109 
Visual colorimeter - - 7 
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; PAGE PAGE 
Vitamin C (see also Ascorbic Vomiting, reduction of urine 
oem # oF chlorides due to - a a ee 
— — saturation test - - 
ee certo = 125 WATER, distilled, carbon dioxide 
Volumetric analysis - - 8 h in e = - 2 
— — sources of inaccuracy in ie heir ig a concentration 7, 18 
— — types - - - - ell 2. = i i. 
— calculation, example - dl harcore ¢ Ba 10 
i ee = c e ei Weil’s disease, effect on blood- 
— technique in  blood-urea ra ea i i ies 
estimation - (Fig. 1) 42 
Vomited material, examination ZINC uranyl acetate solution, 
of - - - - 36 alcoholic - - - 77 
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